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ABSTRACT 


This  thesis  describes  a  fin-line  180  degree  hybrid 
<«agic-tee)  that  is  suitable  for  use  in  wonopulse  radar 
antennas  at  Microwave  and  MilliMeter-wave  frequencies. 

The  three-diMensional  junction  of  a  waveguide  Magic-tee 
is  replaced  with  fin- line  slots »  coupled  fin- line  slots  and 
Microstrip  lines  Mounted  in  a  waveguide  fixture.  The  planar 
geoMetry  on  the  substrate  provides  significant  reduction  in 
size  and  eliHinates  the  waveguide  ratrace  that  is  associated 
with  conventional  hybrids.  Ports  one  and  two  are  flared  into 
fin-line  horns  to  produce  a  fin-line  Monopulse  systeM. 
Suggestions  for  further  developMent  of  the  fin-line 
Magic-tee  and  Monopulse  systeM  are  presented. 
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due  to  uneven  lenqths  of  transnission  line»  destroy  the 
tarqet  trackinq  capability  of  the  systen  CRef.  3]. 

Wavequide  conparator  networks#  with  bolted  toqether 
flanqes  or  soldered  connections#  have  difficulty  achievinq 
these  exactinq  lenqths  at  Miliineter-wave  frequencies ^  This 
effect  liMits  Most  of  the  current  Monopulse  radars  to 
frequencies  well  below  the  Millineter-wave  band  CRef.  31. 

Another  liMitation  of  the  wavequide  hybrid  occi.irs 
because  three  of  the  four  ports  are  on  Mutually  orthoqonal 
axes.  It  is  this  three  ciiMensional  shape  that  produces  the 
cOMplex  wavequide  retrace  and  intricate  network  of  soldered 
flanqes  in  conventional  Monopulse  antennas  CRef.  2:  pp  . 
10-17  and  Ref.  31. 

Unlike  the  wavequide  Maqic-tee.  all  four  ports  of  the 
n»>w  hybrids  are  in  the  saMe  plane.  This  two  diMensional 
qeoMetry  qreatly  sinplifies  the  interconnections  between  the 
nunerous  coMparators  in  a  Monopulse  antenna  systeM.  With  the 
plarar  Mayic-tees.  the  confusinq  and  costly  Mazo  of 
w.;>vequide  discussed  above  can  be  eliMinated. 

In  addition  to  the  fin-line  Maqic-tee  desiqned  in  this 
thesis,  two  other  types  of  planar  Maqic-teus  have  recently 
been  developed  CRef.  3  and  Ref.  pp.  5I!3-5283.  However, 
only  one  of  these  new  hybrids  is  desiqned  as  a  Monopulse 
conparator  CRef.  33. 

The  fir.-line  Maqic-tee  developed  in  this  thesis  and  the 
new  fin-line  horn  antenna  developed  in  a  parallel  thesis 
fRef.  53  are  desiqned  to  be  coMPoter  oanuf  ac  cur  ed  ar<  a 

tl 
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single  unit*  This  conbination  of  fin-line  horns  and  fin-line 
Magic-tees  constructed  in  an  integrated  unit»  is  hereafter 
called  a  fin-line  Monopulse  systeMf  or  a  fin-line  «onof>ulse 
coMparator.  Fin-line  Monopulse  systeMS»  operating  at 
«illi«eter-wave  frequencies»  can  potentially  be  Mass 
produced  for  a  few  hundred  dollars  each* 

FJ*  RELATED  WORK 

1 .  Slotline  hagic-Tee 

Mr.  M*  Aik. awa  and  Mr*  H*  Ogawa  CRef*  pp* 

523-528]  introduced  a  slotline  Magic-tee*  The  fin- line 
Magic-tee  developed  in  this  thesis  (Fig*  1)  is  sinilar  to 
two  of  these  slotline  hybrids  placed  back,  to  back,  in  a 
waveguide  fixture* 

There  are  five  Major  differences  b etwee ii  t h e 
fin-line  Magic-tee  developed  in  this  thesis  and  the  slotline 
Magic-tee  described  in  Reference  ^* 

First*  the  fin-line  hybrid  is  essentially  two 
slotline  hybrids  in  parallel  with  each  other,  fhis 
configuration  significantly  changes  the  iMpedarice 
characteristics  of  the  circuit. 

Second*  the  waveguide  fixture  that  surrounds  the 
fill-line  device*  changes  all  of  the  iMpedances  as  a  function 
of  frequency* 

Third*  the  unique  Microstrip  to  coaxial  transition 
used  in  the  fin-line  device  does  not  have  a  counterpart  in 
the  slotline  Magic-tee*  The  purpose  of  this  transition  is  to 


/ 
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Maintain  a  fairly  wide  bandwidth  at  the  point  where  the 
Microstrip  passes  through  the  waveguide  wall. 

Fourth,  the  slotline  hybrid  uses  a  tapered  section 
to  transition  froM  the  Main  loop  to  the  coupled  slot  area. 
In  the  corresponding  portion  of  the  fin-line  Magic-tee.  each 
section  of  Microstrip  Maintains  a  constant  width  up  to  the 
point  where  the  two  sections  Join. 

Finally,  all  of  the  bends  in  the  slots  of  the 
fin-line  Magic-tee  are  coMPuter  designed  to  keep  incidental 
reflections  as  low  as  possible. 

2 .  Planar  Haveguide  CoMParators 

The  systeM  described  by  Syrigos.  Cross  land  and  yan 
Wyck  CRef.  33  is  not  related  to  this  thesis  at  all.  However, 
it  does  Meet  part  of  the  objectives  of  this  work  by 
utilizing  a  totally  different  design  and  Manufacturing 
concept . 


3 .  Fin-Line  Horn  Antenna 

The  fin -line  horn  antenna  was  perfected  by  LCDR 
HuMtaz-ul-Haq  CRef.  53.  Hag  discovered  that  a  substantial 
aMount  of  the  electric  field  can  be  launched  between  the 


N 


parallel  fins.  This  undesirable  effect  can  be  successfully 
controlled  by  Making  the  horn  fins  half  of  a  wavelength  wide 
and  shorting  the  exposed  edges  together  with  copper  tape. 
This  short  reflects  another  short  across  the  edges  of  the 
fin-line  slots.  The  reflected  short  seals  the  gap  between 
the  fins  and  keeps  the  electric  field  in  the  slots. 
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The  parallel  slots  leading  to  ports  one  and  two 
(Fig*  1)  are  separated  by  a  quarter  wavelength.  Each  slot 
appears  as  an  open  to  the  other  5lot>  reflecting  back  a 
short  a  quarter  of  a  wavelength  away.  The  reflected  short 
seals  off  the  two  slots»  thereby  preventing  inadvertent 
coupling.  This  concept  is  a  direct  result  of  the  applied 
research  perforMed  by  Haq  CRef.  53. 

c .  purpose: 

The  first  objective  of  this  work  is  to  design >  build  and 
successfully  test  a  fin -  line  «agic-tee  at  10 -  GHZ.  Tl->is 
includes  the  design  and  construction  of  a  suitable  fiKture 
to  hold  the  Magic- tee.  The  final  Magic -  tee  is  to  be 
integrated  with  two  fin-line  horn  antennas  CRef.  53 >  to  forn 
a  two  diMensional  fin-line  Monopulse  systeM  (only  one 
difference  channel). 

The  second  objective  is  to  produce  reasonable  sum  and 
difference  antenna  patterns  froM  the  coMbined  one  piece 
unit.  This  integrated  unit  is  intended  to  be  the  prototype 
of  a  MilliMeter -wave  fin-line  Monopulse  systeM  that  has  both 
aiiMuth  and  elevation  difference  channels. 

The  third  and  Most  ihportant  objective  is  to  coMputerize 
the  design  procedure.  This  will  insure  the  ability  to 
accurately  and  quickly  reproduce  these  devices  at  a  future 
date. 

The  final  objective  of  this  research  is  to  recoMMeno 
possible  iMprovcMents  for  the  fin-line  Magic-tee  and 


fin-line  wonopulse  systeM*  Specific  r ecoMwendat ions  for 


expanding  the  fin-line  wonopulse  systeM  into  a  three  channel 
(sum  channel^  aziMuth  channel  and  elevation  channel) 
Monopulse  systeM  are  required. 


II*  THEORETICAL  PRINCIPLES 


The  design  of  the  fin- line  Magic-tee  and  Monop  u  1  s  e 
systeM  is  based  on  established  Microwave  principles*  These 
theoretical  concepts  are  discussed  in  this  chapter. 

A.  WAVEGUIDE  MAGIC-TEE 

The  theoretical  properties  of  a  waveguide  180  degree 
hybrid  are  illustrated  in  Figures  2  and  3*  An  input  at  any 
one  of  the  four  ports  is  equally  divided  with  half  of  the 
power  coupling  into  two  orthogonal  ports.  In  phase  signals 
at  ports  one  and  two  coMbine  in  the  H-plane  arM  and  cancel 
in  the  E-plane  arM.  Out  of  phase  inputs  at  ports  one  and  two 
produce  the  opposite  results.  There  is  coMplete  isolation 
between  ports  one  and  two  and  between  ports  three  and  four. 
The  reverse  of  these  conditions  is  also  true.  The  180  degree 
phase  shift  depicted  in  Figure  3  can  occur  in  either  S23  and 
532  as  shown,  or  in  513  and  531  CRef.  61  pp.  190-1913. 

B.  M0N0PUL5E  ANTENNAS 

The  typical  Monopulse  radar  antenna  contains  f'our 
identical  antenna  eleMents,  which  are  interconnected  with 
three  or  More  Magic-tees.  The  signals  to  and  froM  the  four 
eleMents  are  added  and  subtracted  in  various  coMbinations  to 
produce  three  systeM  pc-'ts. 

All  four  of  the  antennas  are  suMMed  together  in  phase  to 
produce  the  sum  channel.  This  signal  is  connected  to  the 
radar  via  a  T/R  (TransMit/Receive)  Device, 
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The  two  difference  channels  are  the  radar's  source  of 


target  tracking  information*  The  elevation  port  produces  the 


difference  between  the  upper  and  lower  antennas  while  the 


azimuth  port  produces  the  difference  between  the  left  and 


right  antennas*  If  a  monopulse  antenna  system  is  pointing 


exactly  at  a  target#  there  will  he  a  strong  signal  in  the 


sum  channel  and  absolutely  no  signal  in  either  the  elevation 


or  azimuth  channels*  The  null  in  the  difference  channels  is 


the  result  of  shifting  two  identical  signals  180  degrees 


from  each  other  and  then  adding  them  together*  The  phase 


shift  and  addition  occur  within  t^  magic-tees* 


The  radar  return  from  a  target  that  is  slightly  left  of 


the  monopulse  antenna's  extended  center  line  reaches  the 


left  elements  of  the  antenna  before  it  reaches  the  right 


elements*  This  produces  a  slight  phase  shift  due  to  the 


difference  in  arrival  times  at  the  left  and  right  elements 


Complete  cancellation  does  not  occur  in  the  difference 


channel  with  this  configuration*  The  resulting  difference 


signal  increases  in  amplitude  and  shifts  in  phase  as  the 


target  gets  farther  sway  from  the  antennas  extended  center 


line*  There  is  also  a  130  degree  phase  shift  in  the 


difference  channel  as  a  target  crosses  the  antenna's 


extended  center  line  CRef«  71  pp*  10-293. 


Since  the  null  in  the  difference  port  can  only  occur 


with  exact  target/antenna  alignment*  it  signifies  the  exact 
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center  of  both  the  sum  and  difference  antenna  patterns* 
Therefor et  a  target  that  produces  a  strong  return  in  the  sum 
channel  and  no  return  in  one  of  the  difference  channels  is 
on  a  plane  that  bisects  the  two  antennas  which  develop  the 
difference  signal*  When  this  infornation  is  coMbined  with 
range  dat3>  the  target^s  location  is  liMited  to  an  arc  on 
the  plane  that  bisects  the  two  halves  of  the  antenna*  The 
point  where  the  elevation  and  aziMuth  arcs  cross  is  directl^j 
in  front  of  the  antenna*  The  line  between  the  Monopulse 
antenna  and  this  point  is  coMMonl^j  referred  to  as  the 
boresight  of  the  antenna* 

If  the  outputs  of  the  difference  channels  are  Monitored 
while  a  target  is  within  the  Main  beaM  of  the  sum  pattern^ 
the  target  can  be  classified  as  ewactly  centered,  a  little 
left  or  right,  a  little  high  or  low,  or  any  coMbination  of 
these  directions. 

Skolnik  CRef*  7i  pp* 10-28:1  defines  an  anplitude 
coMparison  Monopulse  systcM  as  one  that  coMpares  the 
anplitude  of  the  difference  channel  with  the  anplitude  of 
the  SUM  channel*  This  infornation  is  used  to  deternine  how 
far  a  target  is  away  froM  the  antenna's  boresight*  The  phase 
(+/-  only)  of  the  difference  signal  is  used  to  deterMine 
which  side  of  boresight  the  target  is  on. 

This  technique  was  initially  called  siMultaneous  lobing 
since  all  of  the  radiation  lobes  are  soMplad  during  each  and 
every  pulse*  The  ability  to  obtain  a  coMPlete  tracking 


solution  in  only  one  pulse  led  to  the  current  designation  of 
nonopulse  CRef*  7*  p*  10!!* 

Earlier  tracking  radars  such  as  conical  scanning  and 
lobe  switching  systens  required  nunerous  radar  ret-irns  to 
obtain  the  sane  inf ornation*  The  accuracy  of  these  systens 
is  often  degraded  by  pulse  to  pulse  anplitude  variations. 
Monopulse  radars*  which  are  free  of  this  distortion*  have 
achieved  tracking  accuracies  of  0*003  degrees  CRef.  7.  P. 
103* 

Two  popular  forns  of  anplitude  conparison  nonopulse 
antennas  are  illustrated  in  Figures  q  and  5* 

C.  THEORETICAL  ANTENNA  PATTERNS 

The  far  field  effect  an  antenna  has  on  the  environnent 
is  a  direct  result  of  the  current  distribution  across  the 
face  of  the  antenna  and  can  be  represented  nathenatical  ly 
with  a  specialized  Fourier  Transforn  CRef*  8*  pp*  3^5-369 
and  Ref*  pp*  170t19S3*  This  technique  is  used  to  develop 
conputer  sinulations  of  actual  sun  and  difference  patterns. 
The  sinulated  patterns  are  used  to  illustrate  the 
theoretical  properties  of  a  nonopulse  systen* 

The  first  step  in  predicting  a  theoretical  nonopulse 
antenna  pattern  is  to  obtain  the  elenent  pattern  by  taking 
the  Fourier  Transforn  of  the  current  distribution  across  the 
face  of  one  of  the  elenents*  The  second  step  is  to  deternine 
the  array  or  group  pattern  by  taking  the  Fourier  Transforn 
of  the  entire  array*  assuning  that  each  antenna  elenent  is  a 
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delta  function*  The  final  step  is  to  Multiply  the  elenent 
pattern  with  the  array  pattern* 

An  actual  E-plane  antenna  pattern  froM  one  of  the 
fin-line  horns  of  Reference  5  is  closely  siMulated  by  addinq 
20%  of  a  sin(«)/x  pattern*  to  80%  of  sin(x)/x  squared 
pattern  (Fig*  6)*  This  siMulation  is  used  as  the  predicted 
eleMent  pattern. 

The  group  pattern  is  obtained  by  taking  the  trivial 
tr ansf orMation  of  two  delta  functions.  This  results  in  a 
cosine  function  for  the  sum  pattern  and  a  sine  function  for 
the  difference  pattern.  These  theoretical  group  patterns 
with  an  eleMent  spacing  of  one  wavelength  are  illustrated  in 
Figures  7  and  8. 

The  Multiplication  of  the  siMulated  eleMent  and  group 
fJattern  is  done  in  a  short  Basic  prograM  on  an  HF*-98^5B 
CoMPuter.  The  theoretical  sum  and  difference  patterns 
coMputed  in  this  prograM  are  shown  in  Figures  9  and  Ifl. 
respectively. 

D.  SLOTLINE  CHARACTERISTICS 

Slot  line  consists  of  a  narrow  slot  in  a  thin  plating  uf 
Metal  foil  adhered  to  one  side  of  a  thin  layer  of 
dielectric.  The  other  side  of  the  supporting  substrate  is 
void  of  Metal.  The  electric  field  is  guided  between  the 
edges  of  the  slot.  The  iMpedance  of  the  slot  is  directly 
proportional  to  the  width  of  the  slot.  A  detailed  analysis 


of  slotline  properties  is  presented  by  Gupta*  Garg  and  Bahl 
CRef.  10 i  pp.  195-2283. 

E.  FIN-LINE  CHARACTERISTICS 

The  bilateral  fin-line  illustrated  in  Figure  11  has  one 
straight  slot  on  each  side  of  the  dielectric.  The  fin-line 
Magic-tee  uses  a  siMilar.  but  More  coMplex  configuration 
which  has  two  slots  on  each  side  of  the  dielectric.  The 
slots  in  the  Magic-tee  have  a  Mixture  of  straight,  angled 
and  curved  sections  which  join  together  in  a  180  degree  bend 
<Fig.  1).  Both  of  these  designs  are  forned  by  suspending 
dual  sided  slotline  in  the  E-plane  of  a  section  of 
waveguide.  As  such,  they  are  essentially  shielded  slotline. 
As  is  the  case  with  slotline,  the  iMpedance  of  fin-line  is 
directly  proportional  to  the  width  of  the  slot.  The  detailed 
properties  of  fin-line  are  discussed  by  Sharna  and  Hoefer 
CRef.  li:  pp.  350-3553  and  Meier  CRef.  12:  pp.  1209-12153. 

F.  EVEN  AND  ODD  MODES  IN  COUPLED  SLOTS 

Two  identical  and  parallel  slots  in  either  slotline  or 
firi-line  are  considered  coupled  if  the  iMpedance  and 
electrical  length  of  one  slot  Is  effected  by  the  proxiMity 
of  the  other  slot.  Coupled  slots  are  the  key  to  the 
operation  of  both  the  slotline  Magic-tee  discussed  in 
Reference  ^  and  the  fin-line  Magic-tee  developed  in  this 
thesis . 

Knorr  and  Kuchler  CRef.  13:  PP.  5^1-5^73  define  two 
doMinate  Modes  in  coupled  slots:  even  or  odd.  The  even  Mode 
exists  when  the  electric  fieldi.  within  the  two  slots  are  in 


phase  with  each  other t  whereas^  the  odd  Mode  exists  when  the 
two  electric  fields  are  out  of  phase  with  each  other* 

In  the  even  node*  the  Magnetic  fields  which  surround 
each  slot  couple  toqether  snoothl^  to  forn  one  continuous 
Magnetic  field*  In  this  conf iguration#  the  fields  aid  each 
other  and  produce  a  coupled  iMpedance  which  is  lower  than 
the  uncoupled  iMpedance  CRef*  10*  p*  3523* 

As  the  slots  are  brought  closer  together*  the  coupling 
increases*  This  effect  causes  the  even  Mode  iMpedance  to 
decrease*  In  the  liMit  when  the  separation  between  the  slots 
vanishes*  each  slot  has  half  of  the  inpedance  of  the  new 
slot  which  is  twice  as  wide  as  each  of  the  original  slots* 
At  the  other  linit  when  the  distance  between  the  slots  is 
infinite*  each  slot  retains  its  uncoupled  characteristics 
CRef.  lot  p*  3553. 

In  the  odd  Mode*  the  Magnetic  fields  oppose  each  other 
and  do  not  join  together  sMoothl^*  Because  of  this 
opposition*  the  odd  Mode  inpedance  is  higher  than  the 
uncoupled  inpedance*  As  the  two  slots  are  brought  closer 
together*  the  opposition  between  the  two  Magnetic  fields  and 
the  odd  node  inpedance  increase  CRef*  10 t  p*  3523* 

In  the  Unit*  when  the  separation  between  the  slots 
vanishes*  there  is  coMplete  opposition  between  two  equal  and 
opposite  Magnetic  fields*  In  this  condition*  the  odd  node 
inpedance  of  each  slot  is  exactly  twice  the  uncoupled 
inpedance  of  one  of  the  original  slots  CRef*  10!  p*  3553* 


The  electrical  length  of  coupled  slots  is  longer  than 
the  uncoupled  length  in  the  even  node  and  shorter  than  the 
uncoupled  length  in  the  odd  node*  These  differences  becone 
larger  as  the  two  slots  are  brought  closer  together  CRef* 
13:  pp.  5^3-5«3. 

G.  MICROSTRIP  CHARACTERISTICS 

The  nicrostrip  that  is  used  in  this  thesis  is  conposed 
of  a  narrow  center  conductor  with  dielectric  Material  and  a 
ground  plane  on  both  sides*  If  the  two  ground  planes  are 
bent  around  the  center  conductor  until  they  touch*  it  will 
resenble  coaxial  cable*  This  dual  sided  nicrostrip*  defined 
as  "triplate  line”  by  Reference  A*  and  coaxial  cable  both 
operate  in  the  TEM  node  CRef*  At  pp*  38-613. 

H.  MICROSTRIP  TO  SLOTLINE  TRANSITIONS 

A  sinple  and  effective  transition  fron  slotline  to 
nicrostrip  is  presented  by  Knorr  CRef*  l^t  pp*  5^8-5533* 
With  this  technique  an  open  length  of  nicrostrip  on  one  side 
of  a  section  of  dielectric  overlaps  a  shorted  slot  on  the 
other  side  of  the  sane  substrate  at  a  90  degree  angle*  The 
portion  of  the  slot  that  extends  past  the  nicrostrip*  and 
the  portion  of  the  nicrostrip  that  extends  past  the  slot  are 
exactly  one  quarter  of  a  wavelength  long*  At  the  junction 
there  is  a  reflected  short  in  the  nicrostrip  and  a  reflected 
open  in  the  slot.  This  procedure  is  used  in  both  the 
^in-line  nagir;-tee  and  the  fin-line  nonopulse  systen* 
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With  thin  substrates  and  high  dielectric  constants,  the 
power  transfer  through  this  type  of  transition  is  close  to 
1,1  CRef,  1^{  pp,  5^8~553II»  The  fin-line  nagic-tee  and  the 
fin-line  nonopulse  systen  developed  in  this  thesis  are  wade 
froM  Epsilan-lO  which  is  0*025  inches  thick  and  has  a 
dielectric  constant  of  10*2*  The  return  loss  of  these 
transitions  is  nininal* 

I.  IMPEDANCE  MATCHING 

A  quarter  wave  length  inpedance  Matching  technique  is 
used  in  the  fin-line  nagic-tee.  This  procedure  joins  two 
slots  of  unequal  inpedances  together  with  a  quarter  wave 
length  Matching  section*  The  inpedance  of  the  center 
Matching  slot  is  equal  to  the  square  root  of  the  product  of 
the  two  original  inpedances* 

If  the  original  inpedances  are  called  Za  and  Zb*  and  the 
Matching  section  is  called  Zo,  the  relationship  becoMes  Zo 
equals  the  sauare  root  of  Za  tiMes  Zb* 

This  relationship  is  easily  visualized  on  a  norMalized 
Snith  Chart*  Zo  is  the  center  of  the  chart  and  Za  is 
Sijfiewhere  to  the  left  of  center  on  the  real  line.  Traveling 
a  quarter  of  a  wave  length  through  the  Matching  section  of 
irtpedance  Zo  is  represented  on  the  Snith  Chart  by  a  half 
circle  of  radius  Za,  which  is  centered  at  Zo*  The  end  of 
this  half  circle  will  be  on  the  real  1 1  ne  to  the  right  of 
Zo*  If  the  algebraic  relationship  disc^'ssed  above  is 


Maintained,  this  point  will  be  Zb 


The  proof  of  this  relationship  is  based  on  the  fact  that 
all  of  the  points  on  the  left  half  of  the  real  line  of  a 
Snith  Chart  are  tho  reciprocals  of  the  equ^l  distance  points 
on  the  right  side  of  the  real  line.  Therefore^  as  long  as  Za 
and  Zb  are  on  different  sides  of  the  real  line  and  equal 
distance  fro«  the  center »  their  product  is  utiit^.  Since  the 
center  of  a  nornalized  Snith  Chart  is  Zo  which  has  a  value 
of  1*0.  the  algebraic  relationship  discussed  above  produces 
a  perfect  inpedance  natch. 
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III,  FIN-LINE  magic-tee: 

The  fin-line  nagic-tee  is  designed  to  Mate  with  two 
fin-line  horns  froM  Reference  5  to  forn  a  fin-line  Monopulse 
antenna.  To  provide  a  SMooth  transition  between  the 
Magic-tee  and  the  horns>  a  bilateral  fin-line  Magic-tee 
enclosed  in  a  waveguide  fixture  is  developed.  The  dielectric 
is  EpsilaM-10  which  has  a  thickness  of  0,025  inches  and  a 
dielectric  constant  of  10,2, 

A,  ENGINEERING  APPROXIMATIONS 

Four  Major  engineering  approxiMations  are  used  in  the 
design  of  the  Magic-tee,  These  approxiMations  greatly 
facilitate  the  design  process  without  introducing 
significant  inaccuracies, 

1«  PaLillftl  t ,  Appr  q,x,j,,M,f  t  ian. 

An  extensive  search  of  the  current  literature  failed 
to  turn  up  design  data  for  a  coMplex  fin-line  structure  with 
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coupled  bilateral  fin-line  slots  at  a  dielectric  constant  of 
10,2,  Therefore*  the  bilateral  fin-line  is  Modeled  as  two 
identical  unilateral  (one  sided)  circuits  in  parallel, 

Sharna  and  Hoofer  CRef,  IIJ  pp,  350-355D  coMpared 
the  properties  of  bilateral  fin-line  and  unilateral  fin-line 
with  dielectric  constants  of  2,22  and  3,0,  An  80  ohn*  0,050 
inch  thick  section  of  bilateral  fxn-line  has  57%  of  the 
iMpedance  of  a  sinilar  section  of  0,025  inch  thick 
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unilateral  fin-line*  Chanqinq  the  dielectric  constant  to  3*0 


drops  the  ratio  to  55%*  The  sa«e  cohparison  with  0*025  inch 

% 

thick»  200  ohn  unilateral  fin-line  produces  an  8^%  ratio  at 
a  dielectric  constant  of  2*22  and  a  73%  ratio  with  the  3*0 
dielectric  constant* 

At  a  dielectric  constant  of  10*2*  the  low  impedance 
slots  should  closely  fit  the  parallel  circuit  model.  There 
may  be  a  sliqht  error  for  the  larqest  unilateral  impedance 
in  the  fin-line  maqic-tee*  which  is  200  ohms*  However*  this 
error  should  be  minimal* 

2.  Fixtures  Effect  on  Impedance 

Kuchler  CRef*  15*  r-*  103D  compared  the  impedances 
of  shielded  and  unshielded  slotline  with  a  dielectric 
constant  of  20.  Between  10-  and  12-CHZ  for  a  dielectric 


thickness  of  0*050  inches*  the  shielded  and  unshielded 
impedances  are  almost  indentical*  The  impedance  of  the 
shielded  slot  is  constant  to  6-GHZ*  The  impedance  of  the 
unshielded  slot  is  approximately  10%  lower  at  6-GHi  than  it 
is  at  12-GHZ. 


The  quarter  wavelenqth  impedance  matchinq  technique 
discussed  in  Chapter  Two  is  the  only  type  of  impedance 
matchinq  used  in  the  fin-line  maqic-tee*  This  technique's 
simple  alqebric  relationship  will  factor  out  any  uniform 
chanqe  in  impedance*  Therefe»’e*  the  fixture  should  not 
effect  the  impedance  matchinq  between  the  slots*  There  may 
be  a  sliqht  mismatch  between  the  slots  and  the  microstrip 


Due  to  the  conple5<  qeortetry  of  the  fin -  line 
fiagic-tee  <Fiq.  1)  the  conventional  configuration  for  the 


bilateral  fin-line  shown  in  Fi<3ore  11  is  not  feasible*  The 
fin-line  nagic-tee  uses  a  0*02  inch  groove  in  the  fixture 
wall  to  support  the  dielectric*  This  groove  shorts  and 
electrically  seals  the  edges  of  the  fins* 

B*  EQUIVALENT  CIRCUIT 

The  fin-line  Magic-tee  is  siMilar  to  two  slotline 
Magic-tees  placed  back  to  back  and  Mounted  in  a  waveguide 
fixture  CRef*  ^*  pp*  523-5273*  The  equivalent  circuit  for 
the  fin-line  Magic-tee  is  siMilar  to  the  circuit  shown  for 
the  slotline  Magic-tee  on  page  525  of  Reference  ^*  The 
fin-line  device  is  represented  by  two  of  these  circuits 
connected  in  parallel*  The  fin-line  version  is  surrounded  by 
a  shield. 


1 .  Theoretical  Operation 

An  actual  1*1  scale  drawing  of  the  fin-line 
Magic-tee  is  illustrated  in  Figure  1*  With  the  exception  of 
port  three ♦  the  entire  Magic-tee  is  syMMetric  about  an  axis 
that  extends  through  the  center  of  the  port  four  Microstrip 
line*  The  theoretical  operation  of  the  fin-line  Magic-tee  is 
identical  to  the  operation  of  the  slotline  Magic-tee  LRef. 

PP*  523-5271* 

The  Microstrip  leads  froM  all  four  ports  use  the 
Microstrip  to  slot  transition  technique  discussed  in  Chapter 
Two.  The  short  in  the  loop  caused  by  the  port  four 
Microstrip  effectively  isolates  ports  one  and  two.  Ports 
three  and  four  are  isolated  froM  each  other  by  the  3/^  of  a 


wavelength  distance  between  the  short  in  the  loop  and  the 
short  caused  by  the  port  three  Microstrip* 

Two  signals  that  enter  the  coupled  slots  in  the  even 
Mode  will  couple  into  port  three*  There  will  be  a  slight 
phase  shift  between  the  two  signals  in  the  port  three 
Microstrip  line*  This  error  is  inherent  in  the  design  of  the 
device  and  can  only  be  MiniMized  by  keeping  the  slot 
separation  as  sMall  as  possible*  The  even  Mode  signals 
cancel  at  port  four  due  to  the  loop  geoMetry* 

Two  signals  that  enter  the  coupled  slots  in  the  odd 
Mode  will  be  out  of  phase  at  port  three  but  will  couple  in 
phase  at  port  four*  The  theoretical  operation  of  the 
fin~line  Magic-tee  is  identical  to  the  scattering  Matrix  for 
the  waveguide  Magic-tee  (Fig.  3)* 

2.  TheGretical  iMPedance  Hatching 

The  unilateral  iMpedances  in  the  fin-line  Magic-tee 
are  200  ohMs  in  the  loop*  100  ohMS  in  the  slots  that  connect 
to  ports  one  and  two*  and  70*7  ohMS  and  1^1*^  ohMs  for  the 
even  and  odd  Mode  in  the  coupled  slots*  respectively*  These 
reduce  to  bilateral  iMpedances  of  100  ohMS*  50  ohMs*  35*^ 
ohMS  and  70*7  ohMS*  respectively*  These  bilateral  values  are 
identical  to  the  iMpedances  listed  for  the  "case  three" 
slotline  Magic-tee  CRef*  4*  p*  5273*  A  detailed  discussion 
of  the  theoretical  iMpedance  Matching  in  the  slotline 
Magic-tee  is  presented  by  Aikawa  and  Ogawa  CRef*  pp* 
52^-5273. 
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There  are  four  basic  relationships  that  r-equire 
iMpedance  Matching  Viithin  the  Magic-tee.  The  paths  froM  port 
three  to  ports  one  and  two  and  froM  port  four  to  ports  one 
and  two  Must  be  Matched  in  the  even  and  odd  Modes.  In  all  of 
these  cases  the  coupled  slots  act  as  a  quarter  wavelength 
Matching  section.  The  iMpedance  Matching  problsM  either 
reduces  to  three  series  iMpedances  of  100 »  70.7  and  50  ohMS. 
or  50.  35.^  and  25  ohMS.  In  all  cases,  the  iMpedance  of  the 
coupled  slots  is  the  square  root  of  the  other  two 
iMpedances. 

C.  SLOT  IMPEDANCE  AND  ELECTRICAL  LENGTH 

1 .  Uncoupled  Slots 

Cohn  CRef.  16J  p.  10923  graphed  slotline  iMpedance 
and  effective  wavelength  for  dielectric  constants  of  9.6  and 
11.0.  The  data  points  on  Figure  12  and  13  are  extrapolated 
froM  Cohn's  graphs  for  a  dielectric  constant  of  10.  a 
dielectric  thickness  of  0.023  inches  and  a  frequenct^  of 
10-GHZ.  All  of  the  slot  widths  and  electrical  lengths  in  the 
fin-line  Magic-tee  are  derived  froM  this  inforMation. 

2 .  Coupled  Slots 

As  discussed  in  Chapter  Two.  the  odd  Mode  iMpedance 
of  coupled  slots  with  no  separation  is  equal  to  twice  their 
uncoupled  inpedance.  Their  even  Mode  iMpedance  with  no 
separation  is  one  half  of  the  uncoupled  iMpedance  of  the  new 
larger  slot  CRef.  lOJ  p.  3333. 
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Knorr  and  Kuchler  CRef.  13*  pp.  5^4,  5^53  qraphed. 
the  even  and  odd  Mode  iMpedances  of  coupled  slots  for 
dielectric 'constants  of  11  and  16*  A  norMalizad  version  of 
this  inforMation  is  plotted  in  Figure  1^  for  a  dielectric 
thickness  of  0*025  inches  and  a  frequency  of  lO-GHZ* 

The  norMalization  in  Figure  1^  is  non-standard*  The 
norMalizing  inpedance  is  the  slot  inpedance  for  S/D  (slot 
separation/dielectric  thickness)  approaching  infinity.  The 
MiniMUM  value  of  zero  is  equivalent  to  the  even  node 
iMpedance  with  no  slot  separation*  This  correlates  to  half 
of  the  uncoupled  inpedance  of  a  slot  that  is  twice  as  wide 
as  the  original  slots.  The  center  value  of  1*0  represents  an 


infinite  slot  separation*  This  is  equivalent  to  the 
uncoupled  inpedance  of  each  slot*  The  MaxiMUM  value  of  2.0 
is  the  ssMe  as  the  odd  node  inpedances  with  zero  slot 
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separation.  This  corresponds  to  twice  the  iMpedance  of  the 
uncoupled  slots. 
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The  width  of  the  coupled  slots  and  the  separation 
between  the  coupled  slots  are  deternined  by  trial  and  error. 
During  this  process  iMpedances  froM  Figure  12  are  assigned 
to  the  norMalized  values  of  zero*  1*0  and  2.0  shown  in 
Figure  1^.  The  curve  for  a  dielectric  constant  of  11. 0  is 


used  in  this  procedure*  Based  on  the  coMparison  between  the 
curves  for  dielectric  constants  of  11*0  and  16*0  (Fig*  1^1), 
little  error  will  be  induced  by  this  approxiMation* 

First,  an  arbitrary  value  for  the  uncoupled 
inpedance  is  chosen*  To  illustrate  this  procedure,  an 

32 


V V, 


initial  value  of  100  ohMS  is  used  for  the  uncoupled 
iripedance.  The  norMalized  inpedance  of  1.0  (Fiq.  1^)  is 
assigned  this  value  (100  ohMS).  The  norMalized  iMpedance 
value  of  2.0  (Fig.  1^)  is  set  equal  to  twice  this  value  (200 
ohMs) ♦ 

Secondt  the  slot  width  (0.^3^0  MilliMeters)  for  this 
arbitrary  iMpedance  (100  ohMS)  is  obtained  froM  the  0.635 
MilliMeter  curve  in  Figure  12.  The  iMpedance  (132.2  ohMs)  of 
a  slot  twice  this  wide  (0.8680  MilliMeters)  is  also 
c<3lculated  froM  Figure  12.  The  norMalized  iMpedance  of  zero 
(Fig.  1^)  is  set  equal  to  half  of  this  value  (66.15  ohMs). 

Thirdf  the  iMpedances  in  Figure  1^  are  now  scaled 
for  a  dielectric  constant  of  10.  The  lower  portion  of  the 
graph  is  linear  froM  66.15  ohMs  (norMalized  value  of  zero) 
to  100.0  ohMS  (norMalized  value  of  l.O).  The  upper  portion 
is  linear  froM  100.0  ohMS  (norMalized  value  of  1.0>to  200.0 
ohMs  (norMalized  value  of  2.0).  On  this  scaled  version  of 
Figure  14,  an  S/D  is  picked  that  corresponds  to  an  odd  Mode 
iMpedance  of  141.4  ohMS.  If  the  correct  value  is  selected 
for  the  uncoupled  iMpedance  (step  one),  the  even  Mode 
iMpedance  will  be  the  required  70.7  ohMS.  In  this  example, 
the  noiMolized  odd  Mode  iMpedance  of  1.414  corresponds  to  an 
S/D  of  0.5613  and  a  norMalized  even  node  iMpedance  of  0.4174 
(Fig.  14).  This  equates  to  an  actual  even  Mode  iMpedance  of 
80.28  ohMs. 
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Fourth*  this  process  is  repeated  until  the  scaled 
version  of  Fiqure  produces  an  odd  'lode  iMpedance  of 
ohMs  and  an  even  Mode  inpedance  of  70  *7  ohMS  for  the  saMe 
S/D»  There  is  only  one  uncoupled  inpedance  (Fiq.  li?)  and  one 
S/D  <Fiq«  1^)  that  produce  this  relationship  for  each 
specific  dielectric  constant* 

For  EpsilaM-10,  the  uncoupled  iMpedance  that  Matches 
this  criteria  is  92*3  ohMS.  The  actual  slot  width  is  0,0:13^ 
inches  (0*3^01  Mi  lliMeters)  ♦  The  correct  S/D  is  0.^1.S7.  The 
norMalized  iMpedances  are  0*3383  for  the  even  Mode  and 
1*5320  for  the  odd  Mode*  The  actual  distance  between  the 
slots  is  0*0105  inches  <0*2659  Mi 1 1 iMeters  )  ♦ 

The  last  step  is  to  deterMine  the  slot  wavelenqth 
frort  the  0.635  MilliMeter  curve  in  Fiqure  13.  The  proper- 
value  for  an  S/D  of  0*^187  is  0*5132  tiMes  the  free  space 
wavelenqth  (Fiq.  13)*  As  discussed  in  the  enqineerinq 
approxiMations  section,  97%  of  a  quarter  wavelenqth  is  used 
for  the  lenqth  of  the  coupled  slots*  This  value  is  0.1070 
inches  <3.7335  MilliMeters) . 

All  of  these  calculations  are  done  on  two  foot  by 
three  foot  coMputer  qenerated  replicas  of  Fiqures  12,  13  and 
IT.  The  values  are  picked  off  of  these  larqe  charts  with 
calipers . 

D.  FIXTURE  DESIGN  AND  ASSEH8LY 

The  fixture  for  the  Maqic-tee  is  used  to  hold  the 
fin-line  Monopulse  systeM*  A  i;i  scale  drawinq  of  the 
oriqir:3l  version  of  the  fixture  is  illustrated  ir^  Fiqure  15* 


The  fixture  is  constructed  fron  WR-90  copper  waveguide. 
The  two  Mirror  inage  halves  have  0.020  inch  deep  and  0.025 
inch  wide  grooves  in  all  three  of  the  edges  of  the  Joining 
sesM . 

The  two  sections  of  dielectric  are  placed  into  these 
grooves.  Then  the  nicrostrip  launchers  for  ports  three  and 
four  are  set  into  place  and  soldered  to  the  nicrostrip 
leads.  Only  one  of  the  Mirror  iMage  sections  of  dielectric 
is  etched  with  Microstrip.  The  other  piece  is  void  of  Metal 
on  the  inside. 

After  the  two  launchers  are  soldered  in  place,  the 
fixture  is  bolted  together.  At  this  point,  the  launchers  for 
ports  one  ana  two  are  attached. 

The  original  design  used  OSH  2070-5029-02  launchers  for 
all  four  ports.  With  this  design,  the  launchers  are  held  in 
place  by  the  fixture  when  it  is  bolted  together.  The 
launcher  is  not  screwed  into  the  fixture.  This  arrangenent 
does  not  provide  a  satisfactory  electrical  contact  between 
the  fixture  and  the  launchers. 

The  fixture  was  Modified  to  accept  OSH  2052-IA58-0?  two 
hole  flange  Mount  Jacks.  The  flange  Mounted  jacks  are 
attached  to  the  fixture  with  snail  screws.  This 
configuration  provides  good  electrical  continuity  between 
the  fixture  and  the  connector. 

E.  FIN-LINE  HAGIC-TEE  DESIGN 

1 .  Slotted  Side 

The  length  of  the  loop  is  3/^  of  a  wavelength  froM 
the  port  three  Microstrip  to  the  port  four  Microstrip.  Tho 
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halves  of  the  loop  are  operator  adjustable  variables>  The 
coMPuter  proqraM  (Appendix  A)  calculates  the  lenqth  of  the 
portions  of  the  loop»  and  adjusts  the  lenqth  of  the  straiqht 
section  in  the  loop  to  keep  the  overall  lenqth  equal  to  3/^ 
of  a  wavelenqth* 

The  top  and  botton  lenqths  of  the  coupled  slots  are 
vastly  different.  The  cal<.ulated  quarter  wave  lenqth  is 
equal  to  the  averaqe  of  these  two  lenqths. 

All  of  the  bends  in  the  slots  are  constructed  in  the 
saMe  Manner.  A  line  extendinq  throuqh  a  bend  froM  corner  to 
corner  will  bisect  the  anqle  of  the  bend.  In  this  Manner, 
the  corners  in  a  90  deqree  bend  are  offset  froM  each  other 
by  -15  deqrees.  In  a  deqree  bend,  the  offset  anqle  is  22.5 
deqrees.  This  arranqenent  insures  that  the  slotwidth  in  the 
bend  is  at  least  as  wide  as  the  slots  that  lead  intvi  the 
bend. 

All  of  these  relationships  are  calculated  by  the 
coMputer  proqraM  which  draws  the  Maqic-*tee. 

The  slots  that  lead  to  ports  one  and  two  are  spaced 
wide  apart  for  the  first  two  Maqic-tees  and  closely  toqether 
for  the  third  naqic-tee  and  for  the  fin-line  Monopulse 
systeM.  In  Maqic-tees  one  and  two.  the  slots  are  0.01  Inches 
froM  the  edqe  of  the  fixture. 

In  the  third  naqic-tee  and  the  fin-line  Monopulse 
systeM.  the  distance  froM  the  slots  to  the  fixture  qroove  js 


ll.^-GHZ  these  distances  are  one  half  and  one  quarter  of  a 


wavelengthr  respectively*  The  half  wavelength  short  and  the 
quarter  wave  length  open  effectively  seal  the  edges  of  the 
fins  within  the  slot* 

2*  Microstrip  Side 

The  widths  of  the  nicrostrip  lines  are  taken  froM 
Saad's  nicrostrip  inpedance  graph  LRef*  17*  p*  1171. 

The  transitions  fron  nicrostrip  to  coaxial  cable  are 
unique*  The  netal  foil  on  the  slotline  side  of  the 
dielectric  acts  as  the  ground  plane  for  the  nicrostrip.  Near 
the  connector s»  this  ground  plane  is  parted  in  a  "V"  shape 
(Fig*  D*  At  the  sane  tine  the  width  of  the  nicrostrip  is 
flared  at  a  lesser  angle*  The  flare  in  the  nicrostrip  is 
adjusted  to  maintain  a  SO  ohn  impedance  at  every  point  in 
the  line* 

The  notch  in  the  ground  plane  is  flared  at  a  ^5 
degree  angle  in  each  direction*  The  total  angle  of  the  notch 
is  90  degrees*  The  nexinun  width  of  the  notch  occurs  at  the 
inside  edge  of  the  fixture.  At  this  pointi  the  width  of  the 
notch  exactly  Hatches  the  dianeter  of  the  hole  in  the 
fixttjre  wall*  which  exactly  Hatches  the  outside  dianeter  of 
the  dielectric  within  the  flanged  launcher. 

The  Hagic-tee  dielectric  extends  through  the  hole  in 
the  fixture  and  touches  the  launcher's  dielectric*  Mith  this 
alignnent*  the  inside  wall  of  the  shield  on  the  coaxial 


cable  transitions  SMOothly  through  the  launcher  to  the  edqe 
of  the  ground  plane  notch* 

This  Microstrip  to  coaxial  cable  transition 
MiniMizes  physical  discontinuities  that  could  cause 
inductive  or  capacitive  reactances  CRef*  18J  p.  953*  This 
lack  of  reactance  Maxinizes  the  bandwidth  through  the 
fixture  wall* 

F.  MANUFACTURING  PROCESS 

A  siMple  for«  of  coMputer  aided  design  is  adapted  for 
this  project*  A  BASIC  CoMputer  Progran*  written  on  an  HP 
9at5B  conputer  (with  an  HP  Graphics  ROM)»  controls  an  HP 
9872C  Plotter*  The  plotter  draws  the  outline  of  the 
MaqiC“tee  four  tines  the  actual  size  (^51  scale).  The 
outline  is  filled  in  by  hand*  using  black  narking  pens.  The 
conpleted  drawing  is  photographically  reduced* 

The  negatives*  which  are  exactly  1*1  scale*  are  used  as 
etching  nasks.  The  negative  for  the  slot  side  and  the 
negative  for  the  nicrostrip  side  are  taped  to  opposite  sides 
of  a  scrap  section  of  dielectric.  The  alignnent  between 
these  two  negatives  is  done  on  a  light  table*  The  phase 
difference  at  port  four*  between  signals  that  originate  at 
ports  one  and  two  can  be  altered  by  poor  alignnent. 

The  section  of  dielectric  that  is  to  be  etched  is  Placed 
between  the  two  negatives  during  the  etching  process*  The 
conpleted  etching  is  hand  cut  and  sanded  to  fit  the  fixture* 


G.  COMPUTER  AIDED  DESIGN 


A  sinplified  version  of  CAD  (Computer  Aided  Desiqn)  is 
used  to  draw  the  outline  of  the  Msgic-tee  and  fin-line 
nonopulse  s^sten  (Appendix  A)*  This  process  starts 
establishing  an  inaginar^  "X»  Y"  Cartesian  Grid*  Ever^ 
significant  point  that  defines  the  drawing  is  assigned  two 
grid  lines.  One  in  the  X-direction  and  one  in  the 
Y-direction.  The  grid  line  labels  start  at  Xa  in  the 
horizontal  direction  and  at  Ya  in  the  vertical  direction. 
The  origin  of  the  grid  is  the  point  where  the  port  three  and 
port  four  Microstrip  lines  would  intersect  if  extended.  The 
distances  between  the  grid  lines  are  defined  b*j  variables. 
There  are  nuMerous  points  on  Most  of  the  grid  lines >  but  no 
two  points  share  the  saMe  horizontal  and  vertical  grid  line* 

Each  point  which  defines  the  drawing  is  nuMbered t 
starting  at  one.  and  assigned  its  own  unique  coordinates*  If 
point  one  lies  on  the  intersection  of  Xc  and  Yv.  then  XI  is 
set  equal  to  Xc  and  Y1  is  equated  with  Yv.  This  procedure  is 
repeated  for  ever^  point  that  defines  the  drawing. 

The  awkwardness  of  this  approach  is  More  than  offset  bv 
two  kes  advantages*  First,  the  prograM  that  draws  the 
Magic-tee  is  ver^  easy  to  write*  The  coMMand  MOVE  XI.  Yl 
followed  by  DRAM  X2.  Y2  draws  a  line  froM  point  one  to  point 
two. 

The  second  and  perhaps  Most  dranatic  advantage  occurs 
when  the  value  of  one  of  the  variables  is  changed.  Only  one 
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line  in  the  progreM  has  to  be  chenged  to  adjust  the  width  of 
any  slot.  All  of  the  grid  lines  that  are  affected  by  this 
variable  are  autonatically  adjusted  as  the  prograw  is 
executed. 

Once  the  prograw  is  written^  this  approach  is  faster 
than  roughly  sketching  new  ideas  by  hand.  Accurate  scaled 
drawings  showing  nunerous  variations  can  he  coMpleted  in  a 
f'ew  Minutes  without  the  aid  of  a  draftsMan  or  expensive 
drafting  coMputer. 

The  coMputer  prograM  adjusts  the  locations  of  the 
nuMbered  points  to  coMpensate  for  half  of  the  thickness'  of 
the  line  that  the  plotter  Makes.  There  is  also  a  few 
variable  fudge  factors  that  the  operator  can  assign  to  any 
point  in  the  prograM  to  account  for  anoMalies  introduced  by 
the  plotter.  Each  finished  drawing  is  Measured  under  a 
Microscope.  The  variable  that  adjusts  for  the  width  of  the 
plotter's  pen  and  the  fudge  factors  are  adjusted  at  this 
tiMe. 

The  saMe  coMputer  prograM  draws  the  Magic~tee»  the 
f in-line  horn,  and  the  fin-line  Monopulse  systeM  (Appendix 
A).  The  interactive  prograM  asks  the  operator  a  string  of 
tiuestions.  These  questions  include*  Which  drawing  is  to  be 
Made?}  Which  side  (slot  or  Microstrip)  is  to  be  drawn?}  and 
ts  it  a  rough  draft  or  sMooth  copy?  The  lines  on  the  SMOoth 
copy  take  considerably  longer  to  draw  but  are  extrenely 
accurate  (Appendix  A). 
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The  progrBM  can  add  a  scaled  three  inch  ruler  to  the 
bottoM  of  the  drawing.  This  ruler  is  used  to  check  the 
accuracy  of  the  photo  reduction.  The  ruler  was  only  used  on 
the  first  photography  work  order.  The  precision  work 
accoMplished  by  the  Naval  Postgraduate  School  Photo  Lab  is 
exewplary . 
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H.  RESULTS 

I ♦  Fixture 

As  discussed  above >  the  original  fixture  design  does 
not  provide  sufficient  electrical  continuity  between  the 
launchers  and  the  fixture.  The  flanged  jacks »  which  attach 
to  the  Modified  fixture  with  screws »  solve  this  problen. 

The  soldered  joints  in  the  fixture  came  apart  on  two 
occasions.  Repair  is  extreMely  difficult  due  to  the  heat 
conducting  properties  of  copper.  The  heat  required  to  fix  a 
sesM  is  sufficient  to  loosen  an  adjacent  joint. 

Due  to  the  flexibility  of  EpsiJsM-lO.  the  fixture 
does  not  apply  enough  pressure  to  Make  good  electrical 
contact  with  the  port  three  and  four  Microstrip.  This 
probleM  is  solved  by  soldering  the  launcher  probes  to  the 
Microstr ip . 

2 .  Magic-Tee  NuMber  One 

The  loop  of  this  Magic-tee  tapers  into  the  coupled 
slot  region.  The  second  Magic-tee  does  not  have  this  taper. 
Other  than  that,  the  first  two  Magic-tees  are  identical. 


The  first  waqic-tee  was  destroyed  in  testinq*  The 


soldered  connection  on  port  four  ripped  the  Microstrip  off 
of  the  dielectric  when  the  screws  that  attach  the  launcher 
to  the  fixture  were  tiqhtened« 

PreliMinary  reflection  checks  on  a  scalar  analyzer 
were  perforned  prior  to  this  danaqe*  The  reflections  for 
this  Maqic-tee  are  sliqhtly  worse  than  the  siwilar 
reflections  in  the  second  Maqic-tee* 

3 *  Magic-Tee  NuMber  Two 

The  slots  that  lead  to  ports  one  and  two  in  this 
Maqic-tee  are  0*01  inches  inside  of  the  fixture  wall*  The 
actual  scattering  Matrix  for  this  device  is  illustrated  in 
Figure  16.  The  reflections  in  this  Maqic-tee  are  quite  high. 

The  phase  shifts  are  alMost  perfect^  except  for  a 
slight  phase  error  associated  with  port  four.  This  is 
probably  caused  by  iMproper  alignMent  of  the  two  negatives 
prior  to  the  etching  process. 

^ .  Magic-Tee  NuMber  Three 

The  closeness  of  the  port  one  and  two  slots  to  the 
fixture  wall  in  the  second  Magic-tee  causes  an  apparent 
discontinuity  where  the  fixture  terMinates.  These  slots  were 
set  well  inside  the  fixture  on  the  third  Magic-tee  in  hopes 
of  eliMinating  this  discontinuity. 

The  actual  scattering  Matrix  for  the  third  nagic-tee 
is  shown  in  Figure  17.  This  Magic-tee  also  has  near  perfect 
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phase  shifts*  However »  the  reflections  are  a  little  higher 
than  they  were  for  wagic-tee  nuMber  two* 

The  actual  phase  and  Magnitude  froM  8-  to  12-GHZ  for 
each  of  the  16  points  in  Magic~tee  nuMber  three's  scattering 
Matrix  are  illustrated  in  graphical  forM  in  Figures  18  to 
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FIN-LINE  HONgPULSE  SYSTF.M 

A,  DESIGN 

The  f  in  - 1  ine  Monop'Jlse  s^^st  e«  is  a  cohb  i  n  a  t  i  o  n  of 
fin-line  waqic-tee  nuMber  three  and  two  of  the  f i n-l Lne 
horns  developed  by  Haq  in  Reference  5.  The  horns  are  driven 
froM  ports  one  and  two  of  the  Maqic-tee»  The  width  of  the 
slot  in  the  horns  is  the  sane  width  as  the  Matchinq  slots  in 
the  Maqic-tee*  The  half  wave  lenqth  qeooetry  of  the  fin-line 
horn  and  fin-line  Maqic-tee  are  Maintained  in  the  fin-line 
Monopulse  systeo  <Fiq*  3^).  The  Monopulse  systeM  is  drawn  at 
a  scale.  The  HP-9a72C  Plotter  will  not  accoMMOdate  a 

larqer  drawinq. 

All  of  the  exposed  edqes  of  the  dielectric,  except  ti^e 
actual  horn  openinqs.  are  sealed  with  copper  tape.  This 
prevents  enerqy  froM  leakinq  out  of  the  slots  and  destroyinq 
the  ant£?nna  patterns. 

The  distance  between  the  center  of  the  two  horns  xs 
MilliMeters.  At  10.3-GHZ.  this  distance  is  equal  to 
1.05  wavelenqths  in  air  and  3.3^  wavelenqths  in  EpsilaM-10. 
Tl\e  antennas  use  both  air  and  dielectric  to  propaqate  the 
anterma  pattern.  Therefore,  the  effective  eleeent  spacinq  of 
the  fin-line  Monopulse  systen  is  between  the  Units  of  1.05 
and  3. S'!  wavelenqths  at  10.3-GHZ. 


The  E-plane  pattern  for  a  single  fin-line  horn  with  a 
dielectric  constant  of  10*2  is  illustrated  in  Figure  6.  The 
associated  H-plane  pattern  is  shown  in  Figure  35*  The 
extrene  width  of  the  H-plane  pattern  is  due  to  the  high 
dielectric  constant  of  10. 2«  Similar  horns  constructed  with 
a  dielectric  constant  of  2.5^.  have  nearly  syMMetrical  E- 
and  H-plane  patterns  CRef.  53.  The  nonopulse  effect  of  this 
systen  is  entirely  in  the  E -plane.  Therefore,  the  wide? 
H-plane  elenent  pattern  will  produce  a  wide  H-plane 
Monopulse  systen  pattern. 

The  gain  of  each  antenna  is  obtained  by  cowparing  the 
anplitude  of  the  antenna  pattern  with  the  pattern  fron  a 
standard  gain  horn. 

B.  RESULTS 

The  actual  E-  and  H-plane  patterns  for  the  nonopulse 
systen  are  shown  in  Figures  34  and  37  respectively.  The  gain 
of  the  SUM  pattern  is  eight  dB.  This  is  four  dB  above  the 
elenent  pattern.  A  three  dB  inprovertent  is  expected  (Fig. 
9)  . 

Tile  first  nulls  in  the  sun  pattern  (Fig.  3o)  »re 
approxiwately  29  degrees  left  and  right  of  boresight.  The 
elenent  spacing  in  the  conputer  siwulated  sum  pattern  (Fig. 
38)  is  adjusted  until  the  first  nulls  occur  at  plus  and 
Minus  29  degrees.  The  corresponding  siMulated  difference 
pattern  is  shown  in  Figure  39.  The  effective  elenent  spacing 
that  produces  this  Match  is  1.40  wavelengths. 


T^le  difference  port  nicrostrip  was  torn  off  of  the 


dielectric  durinq  testing.  This  occurred  after  the  patterns 
in  Figures  36  and  37  were  taken.  The  dahage  was  repaired  bH 
soldering  a  SMall  section  of  copper  foil  across  the  bre^ak. 

Following  this  repair,  the  fin-line  Monopulse  systen  was 
tested,  in  an  effort  to  find  the  bottom  of  the  difference 
null.  Figure  ^0  shows  the  results  of  this  test.  The  recorder 
gain  is  Mai-iinuM.  and  the  eight  dB  sun  pattern  is  saturated 
against  the  top  of  the  recorder.  Yet.  the  botton  of  the 
difference  null  is  still  not  visible. 
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Av  FIXTURE 


1 .  Con cl us ions 

The  original  fixture  design  is  unsatisfactory*  It  is 
too  fragile  and  it  does  not  provide  good  electrical 
continuity  between  the  nagic-tee  and  the  launchers  at  ports 
three  and  four.  The  Modified  fixture^  which  has  screwed  on 
coaxial  to  Microstrip  launchers  at  ports  three  and  four,  is 
Marginally  effective. 

The  electrical  transistions  through  the  fixture  wail 
at  ports  three  and  four  do  not  appreciably  restrict  the 
bandwidth  of  the  fin-line  Magic-tee  (Figs.  10-33>. 
Tiierefore,  the  holes  in  the  fixture  at  ports  three  and  tour 
and  the  notches  in  the  Magic-tee's  ground  plane  at  ports 
three  and  four  function  reasonably  well. 

2 .  RecoMMendations 

Testing  should  not  be  resuMed  until  an  iMproved 
fi;;ture  is  constructed.  Each  half  of  the  new  fixture  should 
be  Machined  out  of  a  solid  piece  of  Metal.  All  of  the 
launchers  which  connect  to  the  fixture  should  be  attached 
with  screws.  A  stiff  or  soMi-rigid  dielectric  should  be  used 
to  avoid  the  necessity  of  soldering  the  launchers  to  the 
Microstrip  lines.  The  Microstrip  to  coaxial  transition 
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concept  which  is  used  in  this  thesis  should  he  incorporajted 


in  the  new  fixture  design* 

B,  FIN-LINE  HAGIC-TEE 
1 .  Conclusions 

The  fin-line  «aqic-tee  worked  better  than  expected 
after  only  three  iterations  of  the  developnental  process. 
The  phase  shifts  are  very  close  to  the  theoretical 
pararteters.  However*  the  dielectric  Material  is  tof(  flexible 
and  the  reflections  at  all  four  ports  need  to  be  reduced. 

There  are  four  factors  that  could  be  causing  the 
high  relections.  First*  as  noted  in  the  engineering 
approxirtations  (Chap.  3).  the  bilateral  fin-line  iMpedance 
or"  the  loop  night  be  slightly  above  the  desired  100  oh«s. 

Second*  the  soldered  connections  on  the  nicrostrip 
lines  at  ports  three  and  four  probably  introduce  significant 
ref  Unctions. 

Third*  the  «agic-tee  is  not  conpletely  syneteric. 
The  port  three  nicrostrip  line  couples  with  two  slots  while 
the  Microstrip  at  port  four  couples  with  a  single  slot. 

Fourth*  due  to  the  different  dielectric  constants  of 
dir  and  Epsilan-lO*  the  distr  bution  of  the  electrl•^  field 
within  the  dielectric  is  not  the  sane  as  the  distribution  of 
the  electric  field  in  the  air.  Therefore*  the  reactive 
interference  in  the  air  is  not  the  sane  as  the  reactive 
interference  within  the  dielectric  Material.  These  unnatched 
reactances  probably  contribute  to  the  harnonic  pattern  of 
reflections  observed  at  all  four  ports  (Figs*  18-33). 
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RecQMfiendations 


Future  «agic-tees  should  be  nade  out  of  a  stiff  or 
sefii-rigid  dielectric  Material*  The  conbination  of  a  stiffer 
Material  and  a  new  fixture  design  should  elininate  the  need 
for  soldered  connections* 

Two  new  nagic-tees  should  be  nade  with  unilateral 
loop  irtpedances  of  190  ohfis  and  195  ohns*  Tests  of  these 
tees  will  help  identify  the  proper  unilateral  loop  inpedance 
and  check  the  accuracy  of  the  first  engineeririg 
approxination* 

Two  sections  of  dielectric  Material  which  are 
totally  void  of  Metal  foil  can  be  added  to  the  outsides  of 
the  existing  two  sections  of  dielectric*  In  this 
conf iguation*  the  slots  will  be  totally  surrounded  by  the 
saMc  dielectric  constant.  This  should  iMprove  tho  syMMetry 
of  the  electric  field  distribution  near  the  slots*  thereby 
reducing  the  aMount  of  reflected  energy  within  the 
Magic- tee. 

C.  FIN-LINE  HONOPULSE  SYSTEM 
1 .  Conclusions 

The  perfornance  of  the  fin-line  Monopulse  systeM  is 
very  satisfactory*  The  null  in  the  difference  pattern  is 
More  than  40  dB  below  the  peak  of  the  sum  pattern  at 
10*3-GHZ  <Fig*  40)*  This  deep  unMessurable  null  which 
exactly  splits  the  Main  peak  of  the  sum  pattern  <Fig*  40)  is 
the  essence  of  a  good  Monopulse  antenna*  The  Minor  problens 


caused  by  high  reflections  should  be  resolved  when  the 
fin-line  nagic-tee  is  inproved. 

The  peak  in  the  fin-line  nonopulse  systen's 
difference  pattern  is  approxinately  nine  dB  lower  than  the 
peak  in  it's  sun  pattern  (Fig*  36)*  This  difference  is 
approxinately  three  dB  nore  than  the  corresponding 
relationship  in  Skolnik's  patterns  CRef*  7*  pp*  17-233*  The 
fin-line  conparator's  weak  difference  pattern  is  probably 
the  result  of  reflections  caused  by  the  large  quanities  of 
solder  on  the  port  four  nicrostrip  line*  The  shape  of  the 
fin-line  nonopulse  systen's  sun  and  difference  patterns  and 
the  exact  centering  of  the  difference  null  are  alnost 
identical  to  Skolnik's  illustrations* 

Skolnik  CHef*  7*  pp*  10-283  shows  that  the  second 
null  in  a  theoretical  sun  pattern  is  not  present  on  an 
actual  nonopulse  pattern*  This  effect  is  roughly  reproduced 
in  this  thesis  (Figs*  36  and  38) *  The  second  and  third  peaks 
in  the  sinulated  sun  pattern  (Fig*  38)  are  at  10  and  72 
degrees  respectively*  Corresponding  peaks  are  evident  at  !50 
and  77  degrees  on  the  actual  pattern  (Fig*  36)  *  The  actual 
pattern  is  filled  in  between  these  two  peaks  just  as  Skolnik 
predicted* 

As  discussed  in  Chapter  Four*  the  effective  elenent 
spacing  at  10*3-GHZ  is  1*60  wavelengths*  This  is  1S2X  of  the 
elenent  spacing  in  air  and  18%  of  the  elenent  spacing  in  the 
dielectric.  These  percentages  are  probably  a  function  of  the 
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dielectric  constant*  Therefore#  the  effective  elenent 
spacing  of  the  fin-line  nonopulse  systen  can  probably  be 
controlled  by  proper  selection  of  the  dielectric  constant* 

2*  Reconnendations 

The  fin-line  nonopulse  systen  should  be  enlarged  to 
include  two  orthoganal  difference  ports*  This  will  nake  it 
useful  as  a  target  tracking  antenna  tRef.  7t  pp*  10-233. 
The  dianond  configuration  shown  in  Figure  ^  and  the  square 
design  illustrated  in  Figure  5  can  both  be  adapted  to  the 
firi-line  nonopulse  technique* 

a*  Dianond  Fin-Line  Honopulse  Systen 

A  sinple  arrangenent  of  four  horns  connected  to 
three  fin-line  nagic-tees  can  be  constructed  using  a 
seni-rigid  dielectric  naterlal*  This  configuration  will 
consist  of  two  of  the  fin-line  nonopulse  conparator? 
developed  in  this  thesis  placed  side  by  side*  The  difference 
ports  of  these  two  conparators  will  be  the  elevation  and  the 
aznuith  ports  for  the  new  three  port  systen*  The  sun  ports 
will  connect  to  the  inputs  of  the  third  nagic-tee*  The  third 
nagic-tee's  sun  port  will  be  the  systen's  sun  port*  The 
difference  port  of  the  third  nagic-tee  will  be  loaded. 

The  individual  axinuth  and  elevation  conparators 
will  be  electrically  orthogonal  to  each  other  if  they  are 
each  twisted  45  degrees  in  opposing  directions*  The  twisting 
should  be  confined  to  the  ares  between  the  fixture  and  the 
horns*  In  this  configuration  the  two  groups  of  antennas  will 
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be  orthogonal  to  each  other »  yet  all  three  nagic-tees  will 


be  in  the  sane  plane* 

b.  Square  Fin-Line  Monopulse  Systen 

A  dual  plane  fin -line  no nopulse  systen 
constructed  out  of  seni-rigid  dielectric  naterial  is 
illustrated  in  Figure  ^1«  The  dielectric  naterial  will  have 
to  be  flexible  enough  to  bend*  yet  rigid  enough  to  provide 
good  electrical  contact  between  the  nicrostrip  lines  and  the 
launchers.  This  device  will  require  careful  engineering  to 
properly  align  the  sheets  of  dielectric  naterial.  Once  these 
problens  are  solved,  nass  production  should  be  easy. 

0.  COMPUTER  AIDED  DESIGN 
1 .  Conclusions 

The  conputer  sided  design  portion  of  this  thesis  is 
useable,  however  it  should  be  enlarged  to  include  nore  of 
the  design  process. 

2*  SaaiLwttgndgAAaris 

Figures  12.  13.  and  should  be  nodifiod  to  include 
a  wider  range  of  dielectric  constants  and  dielectric 
thicknesses.  The  data  in  the  new  versions  of  Figures  12  and 
13  Can  probably  be  represented  by  sinple  algebraic  eguatirins 
tPef .  10!  pp.  22^-2283.  The  new  version  of  Figure  14  could 
be  approxinated  by  exponential  equations.  The  four  step 
trial  and  error  process  presented  in  Chapter  Three  and  the 
design  paraneters  for  the  fin-line  horns  CHef.  53  can 
probably  be  written  in  the  fore  of  a  short  conputer  progran. 
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inforMation  should  be  conputerized  and  added  to  the  existinq 
proqran  (Appendix  A)« 

The  improved  version  of  the  computer  aided  design 
program  could  ask  the  operator#  Hhat  gain/beam  width 
combination  is  desired  for  the  fin-line  monopulse  system? 
The  program  could  then  recommend  the  approriate  dielectric 
constant  and  prompt  the  operator  to  place  the  paper  on  the 
plotting  table*  When  the  first  drawing  is  finished#  the 
program  could  prompt  the  operator  to  change  the  paper*  Using 
this  concept#  made -to-order  monopulse  target  tracking 
antennas  could  be  inexpensively  mass  produced  in  a  matter  of 
days* 

E*  MEETING  THESIS  OBJECTIVES 

Magic-tees  number  two  and  three  and  the  monopulse  system 
satisfy  the  first  objective  listed  in  the  introduction*  The 
sum  and  difference  patterns  (Figs*  36#  37#  and  ^0>  are 
better  than  expected  for  limited  iterations  of  the  design 
process*  They  meet  the  second  objective*  The  interactive 
computer  aided  design  program  (Appendix  A)  satisfies  the 
third  objective*  The  recommendations  presented  in  this 
chapter  fulfill  the  final  objective  of  this  thesis* 
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APPENDIX  A 

COMPUTER  PROGRAM  LISTING 

HSCC  THESIS 

FIN-LINE  MAGIC  TEE,  flN-LINE  NOAN  AND 
FIN-LINE  HONOFULSE  SYSTEM 

lY  LCSA  JAMES  U.  AOHLEY 

AUGUST  If St 

NAVAL  FOSTGAADUATE  SCHOOL,  MONTEAEY,  CA. 
(HAITTEH  ON  AN  NF-ft43Si  UlTN  AH  NF-ft72C  FLOTTEA) 

Kite.  FAOCAAMINC  IHFOt 


I  THIS  FAOGAAM  It  HAITTEH  IN  ‘tAtlC.  THE  FOLLOUING  AULEt  AFFLYl 
I 

I  tUILT  IN  COMMANDSt  THE  EHTIAE  HOAD  It  IH  UFFEA  CASE  LETTEAt. 

I  DEFINITION  OF  NON-8TAHDAAD  DUILT  IN  COMMANDS: 

I  ATNO:  AETUANS  THE  AAC  TANGENT  OF  THE  VAAIADLE  IN  THE  DAACKETS. 

I  MtCALE  A,Dt  FLOTTEA  IS  SCALED  IN  MILLIMETEAS.  THE  OAICIN  It 

I  "A"  MILLIMETEAS  LEFT  AND  ‘D*  MILLIMETEAS  UF  FAOM  THE  LOHEA 

I  LEFT  HAND  COAHEA  OF  THE  FLOTTING  AAEA.  HNEN  ‘MSCALE*  IS 

I  USED,  ALL  UHLAILED  UNITS  IN  THE  FAOGAAM  AAE  IH  MILLIMETEAS. 

I  FLOTTEA  IS  COOADINATES  THE  COMFUTEA  AND  THE  FLOTTEA. 

I  DEG:  TELLS  THE  COMFUTEA  THAT  ALL  ANCLES  AAE  IN  DECAEES. 

I 

I  VAAIADLES:  ONE  UFFEACAtE  LETTEA  FOLLOHED  DY  NOTHING,  OA  FOLLOHED 
I  DY  A  tTAlNC  OF  LOHEACASE  LETTEAS  AND/OA  NUMDEAt.  A  VAAIADLE 

I  CAN  SE  UF  TO  IS  CNAAACTEAt  LONG.  IF  A  VAAIADLE  It  ENDED  IN  A 

I  OOLLAA  tlGN  <S>,  IT  tt  A  STAING  VAAIADLE.  DUE  TO  THE  ENTAEMELY 

I  LAACE  NUMDEA  OF  VAAIADLES  IN  TNIt  FAOGAAM,  THEY  AAE  DEFINED  AND 

I  AStlCNED  INITIAL  VALUES  AT  THE  SAME  TIME.  THIS  FAOGAAM  DEFINES 

I  KEY  FOINTt  IN  TEAMS  OF  'N*  AND  •Y*  AEFEAENCE  FLAMES.  THESE  FLANEt 

I  AAE  DEFINED  DY  A  COMIIIIATION  OF  A  FEH  KEY  DIMENtlONS.  THIS  CHANCE 

I  OF  VAAIADLES  AFFAOACN  HAS  USED  TO  FACILITATE  FUTUAE  DESIGN 

I  MODIFICATIONS.  A  FOLLOU  OH  FAOCAANEA  CAN  CHANCE  ANY  ONE  OA  MOAE 

I  OF  THE  KEY  DIMENSIONS  IN  THIS  FAOGAAM  AND  THE  ENTIAE  DAAHIHC  HILL 

I  IE  AUTOMATICALLY  ADJUSTED.  TNIt  It  A  LIMITED  AFFLICATION  OF  CAD 

I  (COMFUTEA  AIDED  DESIGN). 

I  STEF  ONE!  DETEAMINE  HNICN  DAAUINC  TNI  OFEAATOA  DEtlAEt. 

INFUT  *HAG1C-TCE  <TEE>I  NOAN  <NOAN>;  OA  HONOFULSE  SYSTEM  (N0N0)7*|DFftwln«S 
IF  Drwln«fa*TEE*  THEN  ttt 
IF  tFMln«S**NOKH*  THEN  ttt 
IF  trMln«S>*HONO*  THEN  Stt 

GOTO  48t  lAtK  OUEtTION  UNTIL  FAOFEM  AEFLV  It  GIVEN. 

INFUT  •lAAH  FIN-LINE  OA  MICAOtTAIF  tIDET  (F/N>,CONT*,tlttS 
IF  tlttS>*F*  THEN  tSt 
IF  tltfSa'N*  THEN  SSt 
GOTO  SttIHAONG  AEFLV. 

I 

INFUT  ■DAMN  AULEA  ANt  CONHENTtT  <V/N),CONT*,AultFS 
.  IF  AultrS«*V*  THEN  ttt I CHECK  FOA  FAOFEA  AEFLY. 

IF  KultrS>*N*  THEN  ttt 

GOTO  ttt  I  ASK  OUEtTION  UNTIL  FAOFtA  AEFLY  It  GIVEN. 

• 

INFUT  •OUICK  LINE  (I),  OA  FAECItlON  LINE  (4>*,LlntfMMittF 
IF  LlMiMMStF*!  THEN  ttt 
IF  LlntiHMk«r>4  THEN  t4t 
GOTO  tttlASK  UNTIL  VALID  AEFLY  GIVEN. 

tttMntslst>.t4  ItItTANCE  DETNEEN  THE  DOTS,  IF  A  DOTTED  LINE  It  USED. 

I 

I  STEF  TMOt  ADJUST  THE  CENEAAL  LAYOUT  OF  THE  DAANING. 
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cee 

(99 

799 

719 

729 

739 

749 

7S9 

7C9 

779 

799 

799 

999 

919 

929 

939 

849 

9S9 

989 

979 

999 

999 

999 

919 

929 

939 

949 

9S9 

989 

979 

999 

999 

1999 

1919 

1929 

1939 

1949 

I9S9 

1989 

1979 

1999 

1999 

1199 

1119 

1129 

1139 

1149 

11S9 

1189 

1179 

1199 

1199 

1299 

1219 

1229 

1239 

1249 

1289 

1289 

1279 

1299 

1299 

1399 

1319 

1329 


I 

I  THIS  SECTION  CONTAINS  REQUIRED  COHNflNDS  FOR  COM'' . . ER/PLOTTER 
I  COORDINATION  AND  GENERAL  COMMANDS  AND  VARIABLES  TNAT  ARE  • 

I  USED  TO  ORGANI2E  THE  DRAWING. 

PLOTTER  IS  "SSPSA"  (COORDINATES  COMPUTER  AND  PLOTTER. 

DEG  (ALL  ANGLES  IN  THE  PROGRAM  ARE  IN  DEGREES. 

TUUS-'S*  (THIS  WILL  BE  PRINTED  ON  THE  DRAWING. 

FHp«I  I -I  PUTS  THE  SUM  NOTCH  ON  THE  OPPOSITE  SIDE. 

Xetnt*r«92  (CENTER  OF  DRAWING  OH  PACE  IN  m  FROM  LOWER  LEFT. 

Ye*nttr«99  (CENTER  OF  DRAWING  OH  PAGE  IN  m  FROM  LOWER  LEFT. 

MSCALE  Xctnttr.Vetnttr  (POSITIONS  THE  DRAWING  ON  THE  PAPER, 

SC4ltal  (THE  ENTIRE  DRAWING  IS  SCALED  TO  THIS  FACTOR. 

Mm-ScaU  (DEFINES  Ma>M1LL1METERS  (DRAWN  TO  SCALE). 

Ina2S.4tSeAlt  (DEFINES  In-23.4  MILLIMETERS  -  INCH  (DRAWN  TO  SCALE). 

LINE  TYPE  LintnuMbtr,S«gMAnts(zt  .  ■ 

(  IF  LincnuAbAr  EQUALS  ■!*,  THE  PLOTTER  WILL  DRAW 
(  A  REGULAR  LINE.  IF  LlntnuAbtr  EQUALS  *4",  THE 
(  PLOTTER  WILL  DRAW  A  DOTTED  LINE  WITH  OVERLAPPING 
(  DOTS.  THE  DOTTED  LINE  ELIMINATES  PEN  OSCILLATION 
(  ERRORS.  AND  PRODUCES  A  VERY  HIGH  QUALITY  SOLID  LINE. 
I 
( 

I  STEP  THREE:  DEFINE  THE  DIMENSIONS  OF  THE  DRAWING. 

I  V 

I  ‘THE  FOLLOWING  VARIADLES  DESCRIBE  THE  ENTIRE  DRAWING.  THE  REST  OF  THE 
I  PROGRAM  USES  THESE  VALUES  TO  CONSTRUCT  THE  DRAH1((CS. 

I  ANY  CHANCE  IN  THESE  VARIABLES  WILL  RESULT  IN  ALL  ASSOCIATED  PARAMETERS 
IN  THE  DRAWING  BEING  ADJUSTED  AUTOMATICALLY. 

VARIABLES  ASSOCIATED  WITH  THE  MAGIC  TEC  END  IN  A  'f  SUBSCRIPT. 
VARIABLES  ASSOCIATED  WITH  THE  SINGLE  HORN  END  WITH  AH  'h*  SUBSCRIPT. 
VARIABLES  ASSOCIATED  WITH  THE  MONOPULSE  SYSTEM  END  IN  AN 
SUBSCRIPT. 


I 
I 
I 
I 
I 
I 

I  USER  DEFINED  VARIADLES: 
Cr«19.2 


’Ah' 


LAabdAStPO-ES. 39S«Nm 
LAabdA8-LAabdAztro/SQR(Cr> 


IDlCLCCTRie  CONSTANT.  Cr  IS  ONLY  USED 
I  TO  CALCULATE  THE  TEH  WAVCLCNCTN  IN 
t  the  HICR09TRIP  LINES. 

(FREE  SPACE  WAVELENGTH  AT  11.4  GHZ. 

(TEN  NAVCLENCTH. 

eweoupU8»1ots-.4998tLAAbdAZ«pO/4  (QUARTER  WAVELCHCTN  IN  COUPLED  SLOTS. 

I  .4999  19  97X  OF  THE  VALUE  FOR  A 
(  SINGLE  SLOT  THAT  IS  HOT  COUPLED. 
(QUARTER  WAVELENGTH  IN  LOOP  SLOTS. 
(QUARTER  WAVELENGTH  IN  MICROSTRIP  (TEN). 
(QUARTER  WAVELENGTH  IN  IDS  OHM  SLOTS. 


Qwl OOP*. S389tLAabdAztPO/4 
Qwa (Croat Pi p-LA«bdAd/4 
QwKornaIot-.S2IS*LAMbdAz«ro/4 
( 

(  THE  FOLLOWING  DIMENSIONS  ARC  EXACTLY  MATCHED  TO  THE  SIZE  OF  THE  FIXTURE; 


At-. ISSaln 


Dt-.9239aln 

Ct-.93Aln 

Dt-.22aln 

Ct-.779aln 


Ft-I.Saln 


Cpt-.SAin 

Clt-.28Aln 


(WIDTH  OF  THE  NOTCH  IN  THE  COPPER  FOIL  THAT  MATCHES  THE 
(  HOLE  IN  THE  FIXTURE  THAT  CONNECTS  THE  DEVICE  TO  THE 
(  COAXIAL  LAUNCHER. 

(WIDTH  OF  THE  MICROSTRIP  TRANSITION  AND  OF  THE  WIDTH 
(  OF  THE  CENTER  CONDUCTOR  IN  THE  COAXIAL  ADAPTER. 
(THICKNESS  OF  THE  FIXTURE  WALL  THAT  IS  BEYOND  THE 
(  SUBSTRATE  GROOVE. 

(DISTANCE  FROM  CENTER  OF  DIFFERENCE  PORT  TO  THE  EDGE 
(  OF  THE  DIELECTRIC  THAT  IS  INSIDE  OF  THE  FIXTURE. 

(LEFT  EDGE  OF  THE  SUBSTRATE  TO  THE  CENTER  OF  SUM  PORT. 

(  THIS  VALUE  MAKES  THE  SUM  AND  DIFFERAHCE  PORTS 
(  APPROXIMATELY  THE  SANE  LENGTH. 

(CENTER  OF  SUN  THE  PORT  TO  THE  RIGHT  CDCE  OP  THE  FIXTURE. 
(  THIS  ALLOWS  SUFFICIENT  ROOM  TO  MOUNT  THE  FIXTURE 
(  WHILE  TAKING  ANTENNA  PATTERNS. 

(ALLOWS  ROOM  FOR  LAUNCHERS  OH  RIGHT  SIDE  OF  PORTS  Ii2. 
(ALLOWS  ROOM  FOR  LAUNCHERS  ON  LEFT  SIDE  OF  PORTS  182. 
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133t 

1349 

1399 

1399 

1379 

1399 

1399 

1499 

1419 

1429 

1439 

1449 

1499 

1469 

1479 

1499 

1499 

1999 

1919 

1939 

1939 

1949 

1999 

1969 

1979 

1999 

1999 

1699 

1619 

1639 

1639 

1649 

1699 

1669 

1679 

1699 

1699 

1799 

1719 

1739 

1739 

1749 

1799 

1769 

1779 

1799 

1799 

1999 

1919 

1939 

1939 

1949 

1999 

1969 

1979 

1999 

1999 

1999 

1919 

1939 

1939 

1949 

1999 

1969 

1979 

1999 


I 

I  THE  FOLLOUINC  DIMENSIONS  DEFINE  THE  LAYOUT  OF  THE  MAGIC  TEE; 

I  THREE  DIFFERENT  VALUES  FOR  Ht  ARE  GIVEN.  PICK  THE  APPROPRIATE  ONE. 

I  Nt-!.3117*Ma  IMIDTN  OF  160  OHM  LOOP  SLOT. 

I  Nt-!.674tMM  IMIDTH  OF  189  OHM  LOOP  SLOT. 

Nt"3.096tMM  I  WIDTH  OF  299  OHM  LOOP  SLOT. 

U-.340*M«  lUIDTH  OF  THE  COUPLED  SLOTS. 

Jta.4399S*MM  lUIDTH  OF  THE  199  OHM  ■NORN"  SLOTS. 

Kt-.2086*MM  lUIDTH  OF  MICROSTIP.' 

Lt".07Slt!n  ILEHGTH  OF  THE  TRANSITION  IH  THE  SUM  AND  DIFFERENCE 

I  MICROSTIP  LINES. 

Ht-2.94tMa  (DISTANCE  DETUEEH  THE  SLOTS  IN  THE  LOOP. 

Nt-NtfM(/2-<lt«0t/2)  (MAKES  ANCLE  DETUEEH  PTS  36,37  AND  39  139  DECS. 
0t«.266*Ma  (DISTANCE  DETUEEH  COUPLED  SLOTS. 

Pt«1.9*HM  lUIDTH  OF  THE  ISOLATION  SLOT. 

Qt-.9*<Dt-Jt>  (MAKES  THE  PARALLEL  SLOTS  1/4  WAVELENGTH  APART  AND 

I  AND  HALF  A  WAVELENGTH  FROM  FIXTURE  WALLS  AT  11.4  GHZ 
Rta.2Stln  (DISTANCE  DETUEEH  FIXTURE  AHD  FIRST  CORNER  IH  SLOTS. 

8t>.2*ln  (DISTANCE  FROM  FIXTURE  TO  VERTICAL  SLOTS. 

IF  Rt«.l*ln>S(  THEN  St>Rt«. l*InlALLOUS  ROOM  FOR  LOWER  SEND  IH  THE 

I  IN  THE  INPUT  SLOTS  (OUTSIDE  OF  FIXTURE). 
Tt>.3*ln  (SIDE  OF  49  DECREE  CUTOUT’. 

Ut-9*ln  (LENGTH  OF  VERTICAL  SLOTS. 

V\>lS*Ma  (HALF  OF  THE  SEPARATION  DETUEEH  THE  ‘HORN*  SLOTS. 

I  THE  NEXT  LINE  INSURES  ADEQUATE  SEPARATION  DETUEEH  THE  TIPS  OF  THE 
I  NICROSTRIP  THAT  EXTENDS  FROM  PORTS  ONE  AND  TWO. 

IF  Vt<.39*In  THEN  Vta.3S*ln 

Ut>.9*ln  (DISTANCE  FROM  *HORH*  SLOTS  TO  EDGE  OF  DIELECTRIC. 

I  THIS  ALLOWS  SUFFICIENT  ROOM  TO  MOUNT  THE  LAUNCHERS. 


I 

I  THE  FOLLOWING  LINES  DEFINE  THE  HORN. 

AnolahaS.l  (HALF  OF  THE  NORN  ANCLE. 

HhaS  INh*L«abd«daLEHCTH  OF  NORN  FLARE  (DM). 

I 

I  THE  FOLLOUIHG  DIMENSIONS  ARE  USED  TO  ADD  THE  MISC.  DATA  TO  THE  DRAWING. 
SlKittnihai/t««in  (USED  TO  DUILO  RULER  AT  THE  DOTTOM  OF  THE  DRAWING. 
Space*. 97«ln  (SPACES  THE  COMMENTS  AHD  RULER  AWAY  FROM  THE  DRAWING. 

I 

I 

I  THE  FOLLOUING  VARIAILES  ARE  COMDINATIOHS  OF  THE  USER  DEFINED  VARIAILES, 
I  AHD/OR  SNORT  VARIADLES  THAT  REPLACE  LONGER  MORE  DESCRIPTIVE  VARIABLES. 

I 


lat*Owa(CPoatPlp  (LENGTH  OF  NICROSTRIP  OVERLAPS. 

lbt*Qwhopnalot  (LENGTH  OF  HORN  SLOT  OVERLAP. 

I 

I  THERE  ARE  TWO  VALUES  FOR  Set  AND  Idc  GIVEN.  ONE  SET  MAKES  A  TAPERED 
I  LOOP,  AHD  THE  OTHER  SET  MAKES  A  HOH-TAPERED  LOOP  AS  INDICATED.  PICK 
I  THE  DESIRED  TYPE  OF  LOOP  GEOMETRY. 

I 

I  TAPERED  loop: 

I  Angles  IS  THE  ANGLE  USED  TO  DETERMINE  let  AHD  id).  IT  19  OHE  HALF  OF  THE 
I  AVERAGE  OF  THE  TWO  ANGLES  FORMED  SY  POINTS  29,21,23  AHD  36,37,39.  let 
I  AND  Idt  ARE  USED  TO  HAKE  A  SMOOTH  TRANSITION  AROUND  THE  CORNERS  IN 
I  THE  LOOP. 

I  Angle9*<(198-ATN<(Ht«Mt/2>lf0t/2>/Ht>>/2e<I90-RTN(<Nt/3-0t/2>/Ht>>/2>/3 
I  lct*Nt/TAN(Angle9>  (THE  OFFSET  AT  THE  RIGHT  SIDE  OF  THE  TAPERED  LOOP, 
i  ldt*It/TAH<AngleO>  (OFFSET  AT  EDGE  OF  TAPERED  LOOP. 

I 

I  NOH'TAPEREI  LOOP: 

Angle99-ATH(Ht/(NteMt/2-<lte0t/2>>>  IFOR  HOH-TAPERED  LOOP. 
let*NteTAN(49-Angle99/2)  IFOR  NON-TAPERED  LOOP. 
ldtaHt/C09<Anglee9)-lttTAN(Hngle99>  IFOR  HOH-TAPERED  LOOP. 

I 

I 

let*3t/C09<49>-lt  (OFFSET  AT  LEFT  EICS  OF  COUPLEB  SLOTt. 
Brt-0ueau»ledal*ta-let/3-Bdt/2  ILENCTN  OF  THE  TOP  OF  THE  COUPLED  SLOTS. 
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•9t«TAH(22.9>«Jt  tOFFSET  FOK  43  DECREE  BENDS  IN  100  OHH  SLOTS. 

I 

I  • 

I  THE  FOLLOUINC  CALCULATIONS  MAKE  THE  CENTERLINE  OF  THE  LOOP  3/4  OF  A 
t  MAVELEHCTH  LONG. 

Are><Ht*Ht>tPI/4-Kt/2  lARC  LENGTH,  EXCLUDING  PORTION  THAT  OVERLAPS  THE 

I  HICROSTRIP. 

S}antpArtofleep>SQR<<Nt>Bct/2-Bdi/2>^2«'((Ht'«'Ht-0t-It)/2>A2)  ILEHCTH  OF  THE 

I  SLANT  PART  OF 
I  THE  LOOP, 
t  MEASURED  OH 
I  CENTERLINE. 

FlAlpATiof 1oep>3*Qwleop-Arc-SlAnipM*iorioop-Bdt/2]ADTUSTABLE  PART  OF  LOOP. 
Bhl>FlAip4rteneop«Bet/2  ITNIS  HAKES  THE  LOOP  3/4  OF  A  MAVELEHCTH  LONG. 


BU>Di-Qt-It-0t/2  ILEHCTH  OF  43  DEC  SLOTS  <IN  THE  X*  AND  'V  DIRECTIONS) 
I  THAT  ARE  INSIDE  OF  THE  FIXTURE. 

BJt«Di-Ot-Jt  I  DISTANCE  FROM  CENTERLINE  TO  INPUT  SLOTS  (INSIDE  OF 

t  OF  THE  FIXTURE). 

Bk4-Si-Rt  ILEHCTH  OF  LOWER  43  DECREE  SECTION  (IN  ■X"  AND  "Y* 

I  DIRECTION)  THAT  IS  OUTSIDE  OF  THE  FIXTURE. 

BU«Vt-BJt-Bkt-Ul  ILEHCTH  OF  UPPER  43  DECREE  SECTION  <IH  THE  "X*  AND  ■Y‘ 

I  DIRECTION)  THAT  ARE  OUTSIDE  OF  THE  FIXTURE. 

BMl>3«.S*<Dt-Qt-Jt-Pt/2)-0t/2  IDISTANCE  FROM  COUPLED  SLOTS  TO  THE 

I  TIP  OF  THE  ISOLATION  SLOT  <IH  THE  "X* 

I  DIRECTION). 

I  (IN  THE  ■X*  AND  'Y'  DIRECTIONS). 

Bni>Pi/2  ILEHCTH  OF  THE  VEE  AT  THE  EHD  OF  THE  ISOLATION  SLOT. 

I  Bnt  KEEPS  THE  SLANT  PORTION  OF  THE  ISOLATION  SLOT 
r  AND  THE  HORIZONTAL  PART  OF  THE  ISOLATION  SLOT 
I  EQUADISTAHCE  FROM  THE  100  OHH  STLOTS  (INSIDE  OF  THE 
I  FIXTURE). 

I 

I  THE  FOLLOUINC  ARE  COHBIHATIOHAL  NORN  VARIABLES. 

IF  DrAwInsSa'HORH*  THEN  23(0  !  USED  TO  HATCH  HORN  TO  FIXTURE. 

Ah*Qi  tUIDTN  OF  HORNS  HATCHES  FIXTURE  FOR  HACIC'TEE. 

GOTO  2370 

Ah*0i-Ji/2  tUIDTH  OF  NORN  STRIP  FOR  SINGLE  NORN. 

BhaNh4LMb4«d  ILEHCTH  OF  NORN  FLARE  FROM  Xoh. 

ChaAh*SIN(An9lch)  ILATERIAL  OFFSET  DISTANCE  AT  END  OF  HORN. 

DhaAh*C0S(An9lth)  IVERTICAL  OFFSET  DISTANCE  AT  EHD  OF  NORN. 

EhaBh*SIN(An9lth)  IHALF  OF  HORN  APERTURE. 

Fh>Bh«C0S(An9lth)  IH0RI20NTAL  LENGTH  OF  NORN  FROH  Xoh. 


DhaAh*C0S(An9l th) 
EhaBh*SIN(An9lth) 
Fh>Bh«C0S(An9lth) 
I 


I  THE  FOLLOUINC  LINE  PLACES  A  CONDITION  OH  THE  LENGTH  OF  Git.  THIS  IS 
I  DONE  TO  ALLOW  SUFFICENT  ROOH  BETNEEH  THE  HICROSTRIP  CROSSING  POINT, 

I  AND  THE  43  DECREE  BEND  IN  THE  SLOT  TO  THE  LEFT  OF  THE  HICROSTRIP. 

IF  CU<SiaJiaBI(a3tH«  THEN  CltaStaJ(aBUaS*Ha 

I 

I 

I  STEP  FOURI  DEFINE  'X*  AND  ’Y*  PLANES  IN  TERNS  OF  VARIABLES  LISTED  ABOVE. 
I  ALL  OF  THE  POINTS  THAT  UILL  BE  USED  TO  DEFINE  THE  DRAWING 

I  SHOULD  BE  OH  THE  INTERSECTION  OF  TUO  OF  THESE  PLANES.  OTHER 

I  POINTS  CAN  BE  DRAUH  TOO,  BUT  ONLY  IF  THEY  ARE  DEFINED  UITHIH 

I  THE  ‘DRAW  COHHAND  (THIS  SHOULD  BE  AVOIDED,  AS  IT  UILL  DESTROY 

I  THE  ■CAD*  ASPECT  OF  THIS  PROCRAH). 

I 

Xel«S  ISETJ  LOCATION  OF  DRAUINC  WITH  RESPECT  TO  THE  ORIGIN. 

X*l«XefEi-Cl  ILEFT  EDGE  OF  DIFFERENCE  PORT. 

Xbi«XefCi  ILEFT  EDGE  OF  THE  DIELECTRIC  HITNIN  THE  FIXTURE. 

XciaXbtaLt  ITIP  OF  THE  DIFFERENCE  NOTCH. 

Xdt>Xoi-K(/2>NfBhl  ICEHTER  OF  THE  LOOP  HALF  CIRCLE. 

Xtt«Xdi>Hi/2«B«l  I  EDGE  OF  DIFFERENCE  HICROSTRIP. 

XriaXdtaBhi'Bct  ILOUER  LEFT  LOOP  CORNER. 

XgtaXdtaBht  lUPPER  LEFT  LOOP  CORNER. 
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3999 

3999 

319* 
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Xhi-Xo%-Ai/2 

XU-Xot-Bt/2 

XJl"Xot-Kl/2-Bdt 

Xk%-Xo%-K%/2 

XU-Xoi4-Kt/2 

Xai-Xoi«B%/’2 

Xn»»Xot+A»/2 

Xpt-Xot-Kt/2«Bri 

Xq%-Xp%«Btl 

.Xrt-Xpt«Blt 

Xs%aXrt«Bgt 

Xii-Xq^^Bat 

Xu\"X%t>Bnt 

Xvi-Xot^Fi 

Xui-Xvt4Rl 

Xxt>Xwt>Bgt 

Xy»"Xvt+Tt 

X2t-Xwl«Sl 

X44t"Xzt4jl 

X4bt-X44i>BU-Bgi 

X4Ct"X44l4B1t 

X4dl"Xwl4C)t 


ILEFT  EDCE  OF  THE  TAB  OF  DIELECTRIC  OH  THE  SUH  PORT. 
ILEFT  EDGE  OF  SUM  HICROSTRIP  TRANSITIOH. 

ILOUER  RIGHT  LOOP  CORNER. 

ILEFT  EDCE  OF  SUH  HICROSTRIP. 

IRIGHT  EDGE  OF  SUM  HICROSTRIP. 

IRIGHT  EDGE  OF  SUM  HICROSTRIP  TRAHSITIOH. 

IRIGHT  EDGE  OF  THE  TAB  OF  DIELECTRIC  OH  THE  SUM  PORT 
I  UPPER  RIGHT  EDCE  OF  COUPLED  SLOTS. 

ILOUER  RIGHT  EDCE  OF  COUPLED  SLOTS. 

I  UPPER  LEFT  EDCE  OF  ■IHPUT*  SLOTS. 

ILOUER  LEFT  EDGE  OF  'INPUT*  SLOTS. 

ILEFT  TIP  OF  THE  ISOLATIOH  SLOT. 

I  START  OF  ISOLATION  SLOT  TIP. 

IRIGHT  EDCE  OF  THE  FIXTURE. 

I  UPPER  RIGHT  EDGE  OF-  ■  INPUT*  SLOT. 

ILOUER  RIGHT  EDCE  OF  'INPUT*  SLOT, 

I  TOP  OF  45  DEGREE  CUTOUT. 

ILEFT  SIDE  OF  VERTICAL  SLOT. 

IRIGHT  SIDE  OF  VERTICAL  SLOT. 

ILEFT  EDCE  OF  UPPER  SLOT  CORNER. 

IRIGHT  EDGE  OF  UPPER  SLOT  CORNER. 


ILEFT  EDGE  OF  INPUT  NOTCH. 
X4ti-X4dt4Ai/2-3l/’2  ILEFT  EDCE  OF  INPUT  TRANSITION. 
X4ri-X4di4Al/2-Kl/2  ILEFT  EDGE  OF  INPUT  HICROSTRIP. 

I  CENTER  OF  INPUT  NOTCH. 

IRIGHT  EDCE  OF  INPUT  HICROSTRIP. 
IRICHT  EDCE  OF  INPUT  TRANSITION. 
IRIGHT  EDCE  OF  INPUT  NOTCH. 
IRIGHT  EHD  OF  SLOTS. 

IRIGHT  El:C  of  DIfLECTRIC. 


X4gi>X4dl4At/2 
X4ht-X4gi4Kl/’2 
X4liaX4gl4Bt/2 
X4jlaX4dl4At 
X4kl«X4ht4Bbl 
X4UaX4jl4Grl 
I 
I 

Xoh"Xwi^Ch-Jl/(2»TAN<Angt«h>>  lAPCX  OF  HORN  OPENINC  ANCLE 

(  REFERENCED  TO  EDCE  OF  FIXTURE. 
X4h<iXehtFh  lOUTER  EDGE  OF  NORH  OPENING. 

Xbh>X4H-Ch  I  UPPER  OUTER  EDGE  OF  HORN. 

XchaXeh4Jt/<2»TAN<An9Uh>>  IHORH  MOUTH. 

XdMXch-Ch  INORN/FIXTURE  JOINT. 

Xth-Xkt*Bbi  lENO  OF  NORH  SLOT. 

I  . 


I 

Xw4h-XwfTAN<22.S)tL44bd4d/2  lUSEO  TO  HOVE  X34i  LEFT  TO  X344H. 
Xx4H-Xxt4L44bd4dt<SQR<.9>-.l2S>  IH0VE9  X29t  RIGHT  TO  XSSsh. 
XZ4h-Xxt-L4«bd4d/2  I  USED  TO  HOVE  X32t^X33t  LEFT  TO  XSEkH^XOSaH. 

X444h-X44i4L4«bd4d/2  lUSEO  TO  HOVE  XSSt/XS?^  RIGHT  TO  X264h/X274h 

X4biiH«X4bi-TAN<22.S)*<L44bd4d/2>  lUSED  TO  HOVE  X3U  LEFT  TO  X3Uh. 
X4CBH-X4Ci4TAN<22.5)t(L44bd4d/’2>  lUSED  TO  HOVE  X2*i  RIGHT  TO  X2*Bh. 

I 

I 


Yot-* 

Y4taYat4Vi4jt4Ut 

Ybt-Y4t-<Cl4Lt> 

YcI"Y4»-T» 

Ydl"Yol+V»4j» 

Y#l«Y®» ♦Vl 

Yfl"Y#»-BU4Bg» 

Ygi-Ye»-BU 

YhlaYp»*D»*Ct 

Y«t-Y«f>B4t 

YJ»»Yoi+D» 

Yk%aYot4BJt4Bkt«Bgt 

YIt-Yki-Bgt 

Y4l-YJ»-l.l 

YniaYot^Ai/E 

Ypl»Yo»*Hl/2*Hl 

Yqt-YJ»-0» 


I  TOP  OF  THE  DIELECTRIC. 

I  TIP  OF  INPUT  NOTCH. 

IBOTTOH  OF  45  DECREE  CUTOUT. 

I  UPPER  EDGE  OF  THE  HORN  SLOT. 

ILOUER  EDCE  OF  THE  HORN  SLOT. 

I  UPPER  EDCE  OF  THE  UPPER  SLOT  CORNER. 

ILOUER  EDCE  OF  THE  UPPER  SLOT  CORNER. 

I  TOP  EDGE  OF  9UH  PORT  DIELECTRIC. 

I  END  OF  PORT  OHE  HICROSTRIP. 

I  TOP  OF  DIELECTRIC  IN  THE  FIXTURE. 

I  UPPER  EDCE  OF  LONER  SLOT  CORNER. 

ILOUER  EDCE  OF  LONER  SLOT  CORNER. 

I  TIP  OF  SUH  NOTCH. 

I  TOP  EDCE  OF  THE  DIFFERENCE  PORT  DIELECTRIC  TAD. 
I  TOP  EDGE  OF  THE  SLOT  IN  THE  LOOP. 

I  TOP  EDCE  OT  THE  INPUT  SLOT. 
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33tt  ILOMER  EOCE  OF  THE  INPUT  SLOT. 

3328  Yt(>Yot>nt/2  ILOMER  EDGE  OF  THE  LOOP  SLOT. 

3338  Yt(-Y0(>Pt/2  ITOP  EOCE  OF  THE  ISOLATION  SLOT. 

3348  Yu(-Yo4>Ot/2>lt  lUPPER  EOCE  OF  THE  COUPLEO  SLOT. 

3398  Ywi-Yot>Ot/2  I  UPPER  EOCE  OF  THE  OlFFERENCE  PORT  CENTER  CONOUCTOR. 

3368  Yu4-Yo4>Ot/2  ILOMER  EOCE  OF  THE  COUPLED  SLOT. 

3378  YxtaYo4>Kt/2  lUPPER  EDGE  OF  THE  DIFFERENCE  NICROSTRIP. 

3388  Yy(>Yot-K(/2  ILOMER  EDGE  OF  THE  DIFFERENCE  HICROSTRIP, 

3398  Yzt-YofK'^S  ILOMER  EOCE  OF  DIFFERENCE  PORT  CENTER  CONDUCTOR. 

3488  YAAiaYoi-Ot/2-U-lAilENO  OF  SUN  PORT  HICROSTRIP. 

3418  Y4b4«-YU  lEHO  OF  PORT  2  HICROSTRIP. 

3428  Y4eia-Yb4  ITIP  OF  LOMER  INPUT  NOTCH  (USED  TO  DRAM  HICROSTRIP). 

3438  Y4di— Y4t  I  BOTTOM  OF  LONER  INPUT  PORT. 

3448  Y4»(-Y4dt-Sp4e»  ITOP  OF  THE  RULER. 

3498  Y4rt-Y4«t-2«Sixl««nih  ILOMER  TIP  OF  A  RULER  HARK. 

3468  Y4gt-Y4ri-8lx(««nth  ILOHER  TIP  OF  A  RULER  HARK. 

3478  Y4hi-Y4gi-Slxi««nth  ILOMER  TIP  OF  A  RULER  HARK. 

3488  Y4UaY4ht-Slxt««nih  ILOHER  TIP  OF  A  RULER  HARK. 

3498  Y4jlaY4ll-6lxt««nih  ILOHER  TIP  OF  A  RULER  NARK. 

3988  Y4ktaY4«t<-.97»ln  IFIRST  LINE  OF  HORDS  UNDER  THE  RULER. 

3918  Y4ltaY4«t>.72t|n  ISECOND  LINE  OF  HORDS  UNDER  THE  RULER. 

3928  I 
3938  I 

3948  Yoh-Yot  I  CENTER  OF  HORN. 

3998  Y4h>Yot«Jt/2  ITOP  OF  HORN  SLOT. 

3968  Ybh>Yot«Eh  I  END  OF  HORN  OPENING. 

3978  IF  Or4HlngS«*NONO*  TNEN  3688 

39S8  YchaYJi  IPLACE  MHERI  NORN  J0IH8  THE  FIXTURE. 

3998  GOTO  3618 

3688  Ych*Yai«0t«Ji/2  ITNI8  KEEPS  THE  COPPER  L4Mbd4d/2  ABOVE  THE  SLOT. 

3618  YdhaYbh^Oh  ITOP  OF  NORN. 

3628  I 

3638  I 

3648  Yd«h>YdiH4«bd4d/2  lUSEB  TO  HOVE  X3Ii  UP  TO  X3l4h. 

3698  Y«4«h>Y«i-L4«bd4d/2  I  USED  TO  HOVE  X2Sl  OOHN  TO  X284h. 

3668  Yr«h>Yr44TAN<22.9)t<L4«bd«d/2>  lUSED  TO  HOVE  X32l  UP  TO  X32»»>. 

3678  Y9i«h>Ysi-TAN<22.9>«<L4«bd4d/2>  lUSEO  TO  HOVE  X27l  DOHH  TO  X264h: 

3688  YI(«h>Yiii«TAN<22.S)«<L4«bd4d/2>  lUSEO  TO  HOVE  X33T  UP  TO  X334h. 

3698  YI«haYU-TAN<22.3)«(Li-;>d4d/2>  lUSED  TO  HOVE  X264  DOHH  TO  X264h. 

3788  Yd«haYdi4L4«bd4d«’2  lUSED  TO  HOVE  X344  UP  TO  X344h. 

3718  Yr*n>Yrt-L4«bd4d/2  IU8CD  TO  HOVE  X29i  DOHH  TO  X29iih. 

3728  I  STEP  FIVE!  CALCULATION  OF  CORRECTIONS  THAT  HILL  BE  USED  TO  REKOVE 
3738  I  ERRORS  PROH  THE  DRAHIHC  TN»)T  ARE  CAUSED  BY  THE  PLOTTER. 

3748  I 

3798  I  THERE  IS  A  SLIGHT  BIT  OF  L08EHE8S  IH  THE  PEN  CABLE  ON  TNE  NP  9872C 

3768  I  PLOTTER.  TNE  AMOUNT  OF  ERROR  THAT  THIS  INDUCES  IS  HITHIN  THE  PLOTTERS 

3778  I  SPECIFICATIONS  AND  DOCS  NOT  CAUSE  AHY  PROBLEM  IH  HOST  PLOTTER 

3788  I  APPLICATIOHS.  HOHCVCR.  DUE  TO  THE  EXTREMELY  SHALL  DIHCHSIONS  IN  TNE 

3798  I  AREA  NEAR  TNE  COUPLED  SLOTS,  THESE  ERRORS  MUST  BE  ACCOUNTED  FOR  IN 

3888  I  TNIS  PROGRAM.  THESE  CORRECTIONS  CAHC  FROM  EMPIRICAL  TESTIHG  AND 

3818  I  HILL  NAVE  TO  BE  ADJUSTED  TO  NATCH  THE  PARTICULAR  PLOTTER  THAT  18 

3828  I  BEING  USED.  THE  In/Ha  SCALING  IS  INTENTIONALLY  OMITTED  TO  KEEP  TNE 

3838  I  THE  CORRECTIONS  TO  THE  SCALE  OF  THE  ACTUAL  DRAHIHG  AND  PEN. 

3848  P1o%ttrcorr«ci|a.87 

3898  P1«ll«rc4rrt(42aS 

3868  P104%trcorr«ct3aS 

3878  Pl4tttPC4rr«ct4a8 

3888  P«na.92  ITHIS  18  TNE  PEN  THICKNESS.  AND  IT  18  CORRECTED 

3898  I  FOR  AUTOHATICALLY  IH  THE  DRAHIHC. 

3988  I 

3918  I 

3928  I  STEP  SlXt  ENTER  TUO  MAJOR  LOOPS  THAT  HAKE  TNE  DESIRED  DRAHINCI 
3938  I 

3948  I  THE  FIRST  LOOP  (THE  ■Fill*  LOOP)  18  USED  TO  FILL  IN  THE  BLACK 

3998  I  PORTIONS  OF  THE  8RAUINC.  TNIS  IS  DONE  DY  MOVING  EACH  POINT  OF  THE 

396S  I  FIGURE  IN  ESK  OF  TNE  PEN  THICKNESS.  AND  THEN  DRAHING  IT  OVER  AGAIN. 
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3976 

3969 

3999 

4909 

4919 

4929 

4939 

4949 

4939 

4999 

4979 

4989 

4999 

4199 

4119 

4129 

4139 

4149 

4188 
41C9 
4178 

4189 
4199 
4299 
4219 
4228 
4239 
4248 
4239 
42C9 
4279 
4289 
4299 
4399 
4319 
4329 
4339 
4348 
4399 
4389 
4379 
4399 
4399 
4499 
4419 
4429 
4439 
4449 
4489 
4489 
4479 
4499 
4499 
4999 
4819 
4829 
4839 
4849 
4989 
4889 
4879 
4899 
4899 
4899 
4819 
4829 


THE  SECOND  LOOP  <TNE  *{«■  LOOP>  IS  USED  TO  DKAN  THE  FIN-LINE  PATTERN. 
TNE  lOTTON  NRLF  IS  ESSENTIALLY  A  MIRROR  IHRSE  OF  TNE  TOP.  TNEREFORE, 
ONLY  TNE  TOP  NALF  IS  DEFINED.  TNE  lOTTON  NALF  IS  DRAWN  BY  NULTIPLYINC 
TNE  "Y*  COORDINATES  BY  NIIIUS  ONE.  ANY  NON-SYNETRIC  AREAS  <SUCH  AS 
TNE  SUN  PORT)  ARE  TAKEN  CARE  OF  UITN  "IF"  STATEMENTS,  TNAT  CNECK  TO 
SEE  IF  TNE  TOP  OR  BOTTOM  NALF  IS  BEING  DRAWN. 


I 


I 


FOR  FtlOl  TO  1  STEP  2 
FOR  Ia4g4-0  TO  2  STEP  2 

laal-Iaagt 


ISTART  OF  THE  •Fill*  LOOP. 

•START  OF  TNE  "la*  LOOP. 

Ita>l  DRAWS  TNE  TOP,  AND  laa-1  DRAWS  TNE 
I  BOTTOM  OF  TNE  SLQTLINE  SIDE. 

IP  Fni*3  TNEN  Stga«nt&<z«aS«ga«nt<lz4*3 

IF  Fill>l  TNEN  GOTO  4189  ISKIPS  TO  THE  "Fit  I"  ROUTINE. 


IF  la-1  TNEN  Pann-PantFIN 


•PLOTTER  CORRECTION  FOR  TNE 
I  TOP  NALF  OF  SLOTLINE  SIDE. 
IF  la— 1  THEN  P4nn-P4n«Fl I UPlotttrcorrtci 1  IPLOTTER  CORRECTION  FOR  TNE 

•  BOTTOM  HALF  OF  THE  SLOTLINE 
I  SIDE. 

ISKIPS  ’Fill*  ROUTINE  ON  FIRST  PASS. 

•  '‘Fill*  ROUTINE.  MOVES  PEN  IN  OF 
I  IT'S  WIDTH  AND  THEN  DRAWS  TNE 
I  FIGUftE  AGAIN. 


GOTO  4239 

IF  Ia-1  TNEN  Pann-PtniFH  l».8e 


I  STEP  SEVEN!  CALCULATION  OF  CORRECTIONS  THAT  HILL  BE  USED  TO  REMOVE 


ERRORS  FROM  TNE  DRAWING  TNAT  ARE  CAUSED  BY  THE  PEH. 


THE  FOLLOWING  CALCULATIONS  ARE  USED  TO  ELIMINATE  ANY  INACCURACY  IN 
THE  DRAWING  DUE  TO  TNE  WIDTH  OF  TNE  PEN  THAT  IS  BEING  USED. 

THESE  ADJUSTMEHTS  WILL  AUTOMATICALLY  MOVE  THE  PEH  THE  APPROPRIATE 
AMOUNT  AND  DIRECTION  TO  ACCOUNT  FOR  HALF  OF  THE  THICKNESS  OF  THE  PEN. 


Anglcl-<189-ATN<<B^-Kt>/<2«LL>>>/2 
Ptngffttt l-P4nn/<2*TAN<AngIf 1>> 


I 


•HALF  OF  THE  ANCLE  FORMED  BY 
I  POINTS  192,193  AND  194. 

•CORRECTS  POINTS  192,  193,  198  AND 
I  197  IN  THE  ■X"  DIRECTION  AND 
I  POINTS  III,  112,  119  AND  118  IN 
I  ‘Y*  DIRECTION. 


Angl ff2-ATN<Ai/<24Li >  > 
Ptii«rfaffi2-Pffnn/<2tSIN(Anglt3>> 


I 


•HALF  OF  THE  ANCLE  FORMED  BY 
I  POINTS  2,1  AND  THE  IMAGE  OF  I. 
•CORRECTS  POINT  1  IN  THE  ‘W 
•  DIRECTION  AND  POINT  8  IN  THE 
I  "Y*  DIRECTION. 


Anglt3-<199-ATN<(Bl-Ki>/<2f<LL«Ct>>>>/2IHALF  OF  THE  ANCLE  FORMED  BY 

t  POINTS  119,119  AND  129. 


P*i>«ffttt3-Ptnn^<2*TAJUAnglt3>> 


•CORRECTS  POINTS  119,122,128  AND 
I  129  IN  THE  ■y  DIRECTION. 


Anglt3a-<9S-<IS8-2«Ang1ff3>>^2 


Pcnarf»ct3aaPtnn/<2tTAH<Anglc3a>> 


I 


I  NALF  OF  THE  ANCLE  FORMED  BY 
I  POINTS  117,119  AND  119. 
•CORRECTS  POINTS  117,119,  123  AND 
I  124  IN  TNE  DIRECTION. 


An9lc4-ATN(Ai/<2t<L%4Ci>>> 

Pcnarr»ct4-Pcnn/<24'siN<Anglc4>> 


1  HALF  OF  THE  ANCLE  FORMED  BY 
I  POINTS  II,  12  AND  13. 
•CORRECTS  POINT  12  IN  THE  'Y* 
I  DIRECTION. 


I 


An9lt8-<ISS-ATN(24L%/A%>>/2 

Pcnarf»tt8-Ptnn/<24TAN<Anglf8>> 


•HALF  OF  TNE  ANCLE  FORMED  BY 
I  POINTS  1,2  AND  3. 

•CORRECTS  POINT  2  IN  TNE  ‘Y* 

•  DIRECTION  AND  POINTS  4  AND  8 
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I  IN  TNK  'X*  DIRICTION 


4S3* 

4<4* 

4<9* 

4M* 

4<7* 

4<aa 

4<9a 

478* 

4718 

4728 

4738 

4748 

4798 

4788 

4778 

4788 

4798 

4818 

4818 

4838 

4838 

4848 

4898 

4888 

4878 

48U 

4898 

4988 

4918 

4928 

4938 

4948 

4998 

4988 

4978 

4988 

4998 

8888 

8818 

8828 

8838 

8848 

8888 

8888 

8878 

8888 

8898 

8188 

8118 

8128 

8138 

8148 

8188 

8188 

8178 

8188 

8198 

8288 

8218 

8228 

8238 

8248 

8288 

8288 

8278 

8288 


1 

Anglt8«<l8e-ATN<2»<Lt«Ct>/8t>>/2  INflLF  OF  THE  ANCLE  FOANEB  >Y  POINTS 

I  18,11  ANB  12. 

Ptnemt»8-Ptnn/’<2»TAN<Angl«8>>  (CORRECTS  POINTS  II  ANB  13  IN  THE 

I  'X*  BIRECTIOH. 


I 

Ptnerrst»7«Ptn/<2»TAN<87.3>> 

Ptneffstt74«Ptnn/<2»C0S<49>> 

I 

Angl t8«< 18e-ATN<  <Nt/2«N(-Ot/2>It  >/Nt 
Ptnoff«tl8«Ptnn/<2*TAN<Angl*0>> 

I 

Anglt9*<18e-ATN<<Nt/2-0t/2>/’(Ht«B*t* 

Ptnoff«tt9>Ptnn/<2«TAN<Angl*9>> 


(CORRECTS  POINTS  23,  24,  28,  28 
(  31,  34,  38  ANB  38  IN  THE  ‘X* 

I  BISECTION,  ANB  POINTS  28,  27, 

I  ANB  33  IN  THE  "V  BIRECTIOH. 
(CORRECTS  POINT  18  IN  THE  "X* 

(  BIRECTIOH. 

>>/2  (HALF  OF  THE  ANCLE  FORNEB  BY 
(  POINTS  37,  38  ANB  39. 
(CORRECTS  POINTS  7?  nHB  38  IN 
(  THE  “X"  BIRSCTI'JN. 

Bdt>>>/2  (HALF  OF  THE  ANCLE  FORNEB 
(  BY  P0INT8  21,  22  ANB  23. 
(CORRECTS  POINTS  21  ANB  22  IN 
(  THE  "X*  BIRECTIOH. 
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( 

AngltNI>4S-Anglth  (U8EB  TO  BETERHINE  OFFSETS  AT  EHB  OF  HORN. 
Anglth2><l80-Anglth>/2  (USEB  TO  BETERHINE  OFFSETS  AT  HOUTN  OF  NORN. 

( 

Ptn4rr«tthl>80R(2>«Ptnn/2*SIH<Anglthl>  (CORRECTS  2h  IN  ‘X*  BIRECTIOH  ANB 

(  3h  IN  'Y*  BIRECTIOH. 

Ptn«fr«tth2>S0R<2>«Ptnn/2*C0S<AngltlM>  (CORRECTS  3N  IN  ■X*  BIRECTIOH  ANB 

(  2h  IN  THE  'Y*  BISECTION. 

Ptnttmtth3*P«nn/2/TAH<Angl«h2>  (CORRECTS  Ih  ANB  4(t  IN  THE  ‘X* 

I  BIRECTIOH. 

I 

1 

I  STEP  EICNTt  BEFINE  ALL  HUH8EREB  POINTS  OH  THE  BRAHIHC  IN  TERNS  OF  THE 
I  'X*  ANB  -Y-  REFERENCE  PLANES  LI8TE8  ABOVE. 

I 

I  THE  PEN  OFFSET  CALCULATIONS  ARE  ENTEREB  HERE.  THIS  KEEPS  THE 
I  REFERENCE  PLANES  FREE  OF  PEN  CORRECTIONS. 

( 

I  THE  FOLLOHING  POINTS  BEFINE  THE  FIN-LINE  8IBE. 

I 

Xt4>Xct*P«norr«tt2 
N2taXbt*Ptnn/2 
X24taXb4-Ptnn/2 
X34>Xbt«Ptnn/2 
X4taXM-Ptnofr«tt8 
X4M«Xh»-P#nn/2 
X8t>Xot 

X8t«Xnt«Ptnorr«tt8 
X844aNnt4Ptnn.'2 
X7taXwi«Ptnn/2 
X8taXvttPtfMt/2 
X9t>Xwt«Ptnn/8 
XI8taXyt«PtnoFf4t47 
XtttaN48»-Ptnorr4t48 
Xt8taX4gt 

Kt3taN4jt4Ptn4ffStt& 

XI4»aM4U.ptlWI/2 
XI8taN4U-Ptnn/2 
Xt8taN4U-PtfMl/2 
Xt7taXut-Ptn4ff(tt7 


(THIS  18  FOR  THE  FIN-LINE  8IBS  OF  POINT  2. 

(THIS  18  FOR  THE  BIELECTRIC  TAB  8IBE  OF  POINT  2. 

(THIS  IS  FOR  THE  FIN-LINE  8IBE  OF  POINT  4. 

(THIS  18  FOR  THE  BIELECTRIC  TAB  8IBE  OF  POINT  4. 

(THIS  18  FOR  THE  FIN-LINE  8IBE  OF  POINT  8. 

(THIS  18  FOR  THE  BIELECTRIC  TAB  8IBE  OF  POINT  f. 


Xt  OtaMt  t-Ptnof  f  Mi  74 

XISiaKdi  (THE  PEN  OFFSET  FOR  THE  ARC  18  BONE  WHILE  NAXINC  THE  BRAHINC. 
K88iaKdi 


8291  N2l(«Nrt-Ptnorrstt<>  . 

8380  N22t«XJfPtnorftttV 
9318  X23taXqt«Ptnorrstt7 
8328  N24taXst«8tnorrst(7 
8338  X2StaXxl«8tnorrstt? 

8348  X2(taXAAt«8tnn/2 
8388  X27taXaat«2tnn/2 
8388  X2ttaXaet«Ptnofratt7 
8378  X29t>Xakt«Ptnn/2 
8388  X38t>Xakt«8tnn/2 
8398  X31taXabt>8tnorra«t7 
8488  X32t>Xz(-Ptnn/2 
8418  X33l>Xzt-Ptnn/2 
8488  X34taXwi>Ptnorratt7 
8438  X38i»Xri-Ptnoffa#t7 
8448  X38taX|>t*Ptnorra«t7 
9488  X37t-Xkt«Ptnorfa«t8 
84C8  X38taX«t«Ptnorra«t8 
8478  X39t-Xdt 
8488  X48taXai-Pann/2 
8498  X41t>Xat-Ptnn/2 
9888  X42taXht-Ptnn/2 
8918  X43!iaXnt*P«nn/2 
8828  I 
9838  I 

8848  I.THI  rOLLOHIHC  POINTS  OEPINC  THE  H1CR08T2IP  8IBC. 

8888  I 
8888  I 

8878  X18U>X4t«P«nn/2 
8888  X188t>Xba-P«norraatl 
8898  N183t>Xc(-Panorfa«al 
8888  X184a«X«t-Ptnn/8 
8818  X188(>Xaf>Pann/2 
‘8828  X188t«X<fPtnof  Patti 
8838  X187t«Xbt-Ptnorrattl 
8848  X188t«XattPtnn/2 
8888  X189t«XlttPtnn/2 
8888  K118t«X4t-Ptnn/2 
8878  KllltaXafPtnn/S 
8888  X118t>XlfPtnn/2 
8898  N113t>XU-Ptnn/2 
8788  N114t>XkttPtnn/2 
8718  K118t>XkttPtnn/2 
8728  N118t>X«ttPtnn/2 
8738  X117t«X4tttPtnorratt34 
8748  X118t«X4«t>Ptnorratt34 
8788  XI  19t*X4lit>Ptnn/2 
8788  X188t>X4hfPtnn/3 
8778  N181t>X4rttPtnn/2 
8788  N128t>X4rttPtnn/8 
8798  )(183t>N4<t>Ptnorratt34 
8888  N124t*X4tttPtn4rratt34 
8818  N188t>N4rttPtnn/2 
8828  N128t>N4rttPtrM/2 
8838  N137t>N4»ifPtnn/2 
8848  N128t>N4»it-Ptim/2 
8888  I 

8888  I  THE  P0I.L0UIN6  POINTS  8IPINR  TNI  NORN. 

8878  NlM)MhtPtn4rracth3. 

8888  K2MXMfPtitarratthl 
8898  N3h>N4»fPtn4rractK2 
8988  N4haNchoPtnarratth3 
8918  KSMXth*Ptnfi/8 
8928  NSh>Xth>Ptnf»/2 
8938  I 

8948  I  TNf  POLLOUINC  P0INT8  flR8  U888  TO  MRCf  TW  NAOIC'TKf  HNS  NORN  INTO  TNI 
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S9St  I  HOHOPULtE  •VSTCN. 

S9(«  X2S«h>XKah-Ptn«rrsti7 
9979  X2C«h«XaAah‘‘Ptnn/2 
9999  X27ah*X*Mh-Ptnn/2 
9999  X29ah*X4C«h-Ptnorrsti7 
9999  X2lah>X«bah«Ptnorr*tt7 
9919  X92ah>Xzah*Ptnn/2 
9929  Xaaah>Xzah«Ptnn/2 
99a9  xa4Bh>Xuah«Ptnorr«tt7 
9949  I 

9999  I  THE  POUOUtHC  P0IHT9  PKE  U9E9  TO  DKPU  THE  RULER,  BULL'S  EVER  RHS 
9999  I  COMMENTS. 

9979  XlS9t>X4»  ILEPT  SIDE  OP  THE  RULER. 

9999  XbUintfl«X4t4.29tln  tCCHTER  OP  LEPT  BULL'S  EYE. 

9999  Xbultr<flht«X4li-.29tIn  I  CENTER  OP  RICHT  BULL'S  EYE. 

9199  I 
9119  I 

9129  I  THE  POLLOUIHC  LINES  OEPIHE  THE  *Y*  C00RD1HMTE9  CP  THE  PIH-LIHE  SlOf. 

9199  I 

9149  Ylt-Vet 

9199  Y2t>Ynt*Ptn«774«tS 

9199  Y24t>Ynt«Ptnn/2 

9179  YatqYJ(-Ptnn/2 

9199  Y4t>YJfP«nn/2 

9199  Y44t«YJt*P«nn/2 

9299  YSt>Yat-Ptn«7r4tt2 

9219'  Y9t>YJt-Ptnn/2 

9229  Y94t>YJt«Ptnn/2 

9299  Y7t>YJt-Ptnn/2 

9249  Y9t>Yct-Ptnn/2 

9299  Y9t>Y4t>Ptnn/2 

9299  Y19t<iY4t»Ptnn/2 

9279  YlU4Y4f>P«nn/2 

9299  Y12t»YbfPanarr«4t4 

9299-  Yiat4Y4fPtnn/2 

9999  Y14t4Y4fP«nn/2  . 

9919  Y19(«Ytt«P4nn/2 
9929  Y19t4V«t 
9999  Y17t4Ytt4p4nn/2 
9949  Y19t4Y«t 
9989  Y19t>Y4t 
9999  Y29«>Y4l-Ptnn/2 
9979.  Y21l>Y4fPtAn/2 
9999  Y22«>YwfPtnn/2 
9999  Y29t>YwfP4nn/2 
9499  Y84t>YpfPtnn/2 
9419  Y28t>Yp«*P4ftn/2 
9428  Y29t>YU-P4n4rr4tt7 
9499  Y27t>YgfP4n4ff«4t7 
9448  Y28%«Y#*»P#r>n/a 
9488  Y29t>YtfP4nn/8 
9498  Ya8«4Y9«4P4nn/2 
9478  Yait4Y9t4Ptnn/8 
9488  Ya8t>Yrt4Ptn4rrMt7 
9498  Y98t«Ykt«Ptn4rrz4t7 
9898  Y94t>Ygt*Ptnn/2 
9918  Y98t>Ygt4Ptfm/8 
98M  Ya9t«Yu«4Ptim/2 
9898  Ya7t>Yut«PtfWi/2 
9848  Ya8t«Ypt*Ptnn/2 
9888  Y99taYpt*PtfWi/8 
9898  Y48t>Y4t 
9878  Y41t>Ynt«Ptnn/2 
9888  Y48t>Y«tt*Ptfm/2 
9898  Y4at>Y«tt«Ptnn/2 
9988  I 


«ll  I 

«2t  I  THE  POUOHINC  POINTS  DEFINE  THE  HICROSTRIP  SIDE. 

SOS  yi01t>yvfP*nn/2 
S(4S  YlS2t>YwfPtnn/2 
ESSO  YlS3taYxf>Ptnn/2 
SSSS  YlS4t>YxfPtnn/2 
ES7S  YllS4aYy4«P*nn/2 
CSSS.  YlSC4>Yyt«P*nn/2 
SSfS  YlS7t>Yst«P*nn/2 
SPSS  YlSS4>Yzt4Ptnn/2 
S71S  YlSf4>YhfPtnn/2 
S72S  YllSt>YhfP*nn/2 
S73S  Ylll4«YJt«Pcnorr«ttl 
S74S  Y1124>YMt«Ptnorr««tl 
S79S  Y113t>Ya4t«Ptnn^2 
S7SS  Yll4(>Y44t«Ptnn/2 
S77S  Y119t>Y4t«Ptnorr«ttl 
S7SS  Yiisi>Yjt«PtRorr4«u 
S7SS  Ya7t>Y4fP«nn/2 
SSSS  YIISt*Y4fP>nn/2 
SSIS  YllSt>Ybt«P«norr4«t3 
SS2S  Y12St>YU<»Ptnn/2 
SS3S  Y12a>YU«P«nn/2 
SS4S  YI22t>Ybt«P«norr««t3 
SSSS  YI23t>Y4dt«P«nn/2 
SSSS  YI244>Y4St«P«mi/2 
SS7S  YI2S4>Y4Ct-P«norra«t3 
SSSS  Y12S4>Y4b4tP«nn/2 
SSfS  YI27t>Y4bt-P«nn/2 
SSSS  Y12S4aY4<t>P«n4fr4at3 
SSIS  I 

SS2S  Ylh«Y(h-P«nn/2 
SS3S  Y2h4YSh-P4n4fr4«4h2 
SS4S  Y3h«Ybh«p«n«rra«tht 
SSSS  Y4MY4h«Pann/2 
SSSS  Y8baY4h«Pann/2 
SS7S  YShaY«4 
SSSS  I 

SSSS  I  TNI  POLLOUING  POINTS  MS  UStS  TO  NIRCf  THt  NSCIC'TIf  SHI  TNI  NORN 
7SSS  I  INTO  TNI  NONOPUtSI  SYSTIN. 

7S1S  YlSaMYr^haPann/S 
7S2S  y2S4N>Yl4N«Ptn4rfati7 
7030  Y27BNaY«4haPti>4rrat47 
7S4S  Y2S4MY#4h*P#«n/2 
7S8S  V3l4NaYS4N*Ptnft/2 
7SSS.  Y324h«Yfah-Ptn4rfat47 
7S7S  YS34N«Yk4h-Ptn4rratt7 
7SSS  Y344N>Yq4N>Ptnn/2  ' 

7SSS  I 

71SS  I  TNI  FOtlOHING  POINTS  SRI  USCI  TO  SRMI  TNI  IIN.L'S  lYtS. 

71  IS  Vbii)U4r<Y44«2tSs4Ct 
7I2S  Ybwnb«.4M»Ybul  I44N4 
7I3S.  I 

7I4S  I  STIP  HINCI  NRKf  TNI  MSIRfS  SRMIINC. 

7ISS  I 

PISS  I  TNI  eiNTIR  OP  TNI  SRNHIHG  IS  Na.V*.  THIS  IS  TNI  POINT  HNtRt  TNI 
717S  I  CENTERS  OP  THE  SUN  HNS  IIPPCRENCC  NICROSTRIP  LINES  HOULt  CROSS  IP 
7ISS  I  EXTCNMI.  RLL  TNE  SRMilNCS  RRE  RCPCRENCES  PRON  N*,Yb. 

PISS  I 

pass  IP  Sr>4wl^t>*TCC*  TNEN  7SSS  ISKIP  TO  NMIC'TEE  SECTION. 

pais  IP  Sr4MlA«a>*H0N0*  TNEN  SPSS  ISKIP  to  TNE  NONOPULSE  SYSTEN  SECTION. 

pass  I 

pass  I  TNIS  SECTION. SRNNS  TNE  PIN-LINE  OISE  OP  R  SINGLE  PIN-LINE  NORN. 
Pass  I 

pass  IP  SIStSa*N*  TNEN  74SS  ItXIP  TO  NICROSTRIP  SIK. 
pass  HOVE  xa.Yit 
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rart  drau  N2t,Y2t*iM  ' 

7221  DRRH  X3t,Y3t*lM 

7223  IP  ta--l*PMR  THIH  7333 

7333  DRAM  X4t,Y4t*lM 

7313  DRRU  XS«,YSt«U 

7323  DRRU  X(»,Y3t*lM 

7333  C03UB  1 3233  iDRRU3  HORN. 

7343  i  THI  NEXT  PIU  LINE3  OUTLINE  THE  DIELECTRIC  TRIE  TO  HATCH  THE  PIXTURE. 
7333  HOVE  X43l , Y43t 
7333  DRRU  X4lt,Y4lt*U 
7373  DRRU  X2«t|Y2«t*U  . 

7333  IP  U>*I*PMp  THEN  7433 
7323  HOVE  X4«l,Y4«t4U 
7433  DRRU  X42t,Y42t*U 
7413  DRRU  X43t|Y43t*U 
7423  DRRU  XC4t|Y34t*lM 
7433  NEXT  U4«4 

7443  COTO  7S73i3KIP  HICR03TRIP  3IDE. 

7433  i  THI3  SECTION  DRRUE  THE  HICR03TRIP  31DE  OP  THE  THE  PIN-LINE  NORN. 

7433  HOVE  XI32t ,71321 
7473  DRRU  XI III ,71131 
7433  DRRU  XIIIl,YIUl 
7423  DRAM  XI 121,71121 

7333  Yb4ll44h44*7oi-Ji/2-Qw4icr44irlp4Ptnn/2  iONLY  POINT  UNIQUE  TO  HORN. 
7813  DRRU  XI13i,7b4ii44h4» 

7323  DRRU  XII4i,Yb4ii04h4» 

7833  DRRU  XIISl,71ISi 
7843  DRRU  XII31, 71131 
7883  DRRU  XIS21, 71321 
7833  ( 

7873  NEXT  PHI 

7833  COTO  2333  I  SKIP  TO  THE  RULER  SECTION. 

7828  f 

7333  f  THI3  SECTION  BRRUS  THE  HRCIC-TEE. 

7313  I 

7323  IP  S13tS>*N*  THEN  3233  ITNI3  3KIP3  TO  HtCRO-OTRIP  SIDE. 

7333  i 

7343  I  THIt  SECTION  DRRH3  THE  PIN-LINE  SIDE  OP  THE  PIN-LINE  TEE. 

7383  HOVE  XIi,7Il4|4 

7333  DRRU  X8i,78i4l4 

7373  DRRU  X3l,Y3l4lii 

7333  IP  I4>-|4P1IR  THEN  GOTO  7733 

7323  DRRU  X4l,Y4l4l4 

7733  DRRU  X8i,YSi4|4 

7713  DRRU  X3t,73l4l4 

7723  DRRU  X7l,Y7i4U 

7733  DRRU  X3i,73i4l4 

7743  DRRU  XI3l,7I3l*l4 

7783  DRRU  XII1,YI|14U 

7733  DRMI  XI2i,YI8i*Im 

7773  DRRU  XI3l, 713141m 

7733  DRRU  XI4l,7t4l4|a 

7723  DRRU  XI3l ,7131411 

7333  HOVE  XI2l-Nl/84Ptiin.>’2,7I2i 

7313  POR  3n3lt>32  TO  133  3TEP  2 

7323  X>XI2i-<Hl/2-P4nn/8)43IN<Rn«1t> 

7333  Y><YI2l-<Hl/8-Ptnn/8>4C0S<Rn3lt>>4|a 

7343  DRRU  X,Y 

7383  NEXT  RtiQlt 

7333  DRRU  X2I1,V2I14Im 

7373  IP  7221 >7*1  TMN  COTO  7233  IKEEP3  PEN  DETUEEN  COUPLED  DLOTD. 

7333  7221 >7«i 
7823  7231 •7bl 
7233  DRRU  X23t •732141a 
7213  DRRU  N23t,723i4|a 
7283  DRRU  Xt4l,724i4|« 
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8RHH  N2Si,V>Si«U  ^ 

794t  8MH  N29t,Y29i«U 
798t  82IIH  K29t,V29i*lM 
79<2  BMH  K38i,y2ti«tM 
mt  BMH  X3U,y3ti«lM 
7933  BRMH  K34t,y34»ttM 
7m  BRRH  X3Si,y3S»tlM 
••••  BRRH  X3<t,y3<»«U 
••13  8RRH  X37t,y37»tt» 

••••  8RRU  X3«i,y38»tlM 
••38  BRRH  X39t,y39t«t» 

••48  FOR  Rn9lt>8  TO  91  STIR  1 

•888  X>X19f<Ht/2«Hi«Rtnn/2>t8IN<RnQU> 

••<•  V«<yi9t«<H»/2«Ht«Rtnn/2>«C08<flnflU>>«U 
••78  BRRH  X,y 
••••  HtXr  Rngit 
••98  HOVf  X48»,y48» 

•188  BRRH  X41»,V41ttU 

•118  BRRH  N24i,y2*i«U 

•128  17  U>*l*7Hp  THCN  COTO  8178 

8138  HOVf  N44i|Y44»«U 

8148  BRRH  N42i,Y42««l4 

8188  BRRH  N434|Y43t«U 

8148  BRRH  X<4»,Y<4t*l4 

8178  HOVf  XliVl 

8188  HfXT  l440t 

8198  GOTO  8848  l71N-LlHf  8IOf  18  COHRLfTf.  THt8  COIWRHB  8K1R8  THf 
8288  1  HICR08TR1R  SlBf.  RNB  C0NTtHUf8  OH  HITH  THf  RROCRRH. 

8218  I 

8228  I  THf  ROUOHIHC  ffCTlOH  BRRH8  THf  H1CR08TR1R  81Bf  07  THf  HRCIC-Tff. 
8238  HOVf  X18U,Y18U 
8248  BRRH  X182t,yi82« 

8288  BRRH  Xl83i,yi83i 
8248  BRRH  X184t,V184t 
8278  BRRH  Xt88t,Yt88t 
8288  BRRH  Xt84«,Vt84t 
8298  BRRH  XI87t, 71874 
8388  BRRH  Xt88l,Vt884 
8318  BRRH  Nt8U,Yt8tl 
8328  HOVf  Nt89l,Yt894*7HR 
8338  BRRH  Nn8t,Vlt8t«7HR 
8348  BRRH  XtlU,VltU«7HR 
8388  BRRH  X1124,Ytl2t«7H8 
8348  BRRH  X1134,Y1194*RHp 
8378  BRRH  X1144,Y1144*7Hp 
8388  BRRH  Xtl84,Yll84«7H8 
8398  BRRH  XI Ifi.YI 14t«71 U 
8488  BRRH  X189t,Y1894«7H|i 
8418  HOVf  X1174,Y1174 
8428  BRMi  Xll84,Y118t 
8438  BRAH  X1194, 71194 
8448  BRRH  X1284,Y1884 
8480  BRRH  X1214,Y1214 
8448  BRRH  X1284,V1224 
8478  BRRH  X1174,Y1174 
8488  HOVf  X1234,Y1234 
8498  BRRH  X1844,yi84t 
MM  BRRH  X12S4,Y1284 
M18  BRRH  X1244,V1244 
88M  BRRH  X1274, 71274 
MM  BRRH  XI284,VI284 
8B48  BRRH  X1234,V1284 

8888  I  THI8  BfCTION  18  COHRON  TO  MTN  THf  71N>LtHf  RNB  THf  NICRMTRI7  81888. 
8848  I  THI  NtXT  RCH  LIHt8  TLRCf  THf  NUHBfR  07  THf  HROIC  Tft  MtRR  THE  BfVtCt. 
8878  CtlXf  .84*lii,.8 
8888  HOVf  Xtf447«Mi.yc4«.48*T4‘*7«nn 
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•8ft  LtlEL  rUltf  ISRflHt  THE  HHHE  OE  THE  TEE  ON  THE  8EVICE. 

••••  NEXT  Fill 

•Elt  GOTO  fSIt  IHNGIC-TEE  It  DONE,  8K1F  TO  THE  RULER  tECTION. 

•Ett  I 

•«3t  I  THXt  tECTlOH  ORRUt  THE  FIN-LINE  tlOE  OF  THE  HONOFULtE  tVtTEH. 
tE4l  I 

ttSI  IF  •ldtF>*H*  THEN  fl7t  ItKIF  TO  HICROtTRIF  RISE. 

•EEI  HOVE  Klt.YUtU 
•E7I  BRRU  K2t,V8l*l« 

•Ett  BRRH  K3l,Y3ltU 

•Eft  IF  U•-|tFllF  THEN  tFEt  IFIIp  COHTROLt  THE  LOCRTIOH  OF  FORT-3. 
t7tt  BRRH  H4l,Y4»*U 
t7lt  BRRH  HSl,YSl*U 
•72t  BRRH  MEl,YE»*l« 

•73t  BRRH  H7t,Y7i*U  ITHIt  It  THE  UFFER  LEFT  E8CE  OF  THE  FIXTURE. 

•74t  BRRH  X34Mh,Y34«h*l«  ITHIt  It  THE  FIRtT  FOIHT  IH  THE  HONOFULtE  EYtTEH 
•78t  I  FORT I ON. 

t7Et  BRRH  X3Uh,Y3lah*lM  ‘ 

•771  l««•U  lUtEB  TO  BRRH  HORN  CORRECTLY. 

•7tt  eOtUB  ItSSt  I BRRH  HRLF  OF  THE  HORN. 

•7ft  BRRH  X3U,Y3lt*U 
••••  BRRH  X34t,Y34t*U 
•tit  BRRH  X3S»,Y3St*U 
ttat  BRRH  X3E»,Y3Et*U 
••3t  BRRH  X37»|Y37t*l« 

••4t  BRRH  X3t»|Y3tt*l« 

•tSt  BRRH  N3f»|Y3ft*l« 

••Et  FOR  Rngltat  TO  ft  OTEF  I  INERT  FIVE  LINEt  BRRH  THE  LEFT  tURRTER  RRC. 

••70  X>Xlf%-<Ht/a«Nt«FtnA/3)*tlH<Rn«tt> 

toot  Y><Ylft*<Ht/a«Nt«Ftnni'a)*COt<Rntlt>>«U 

••ft  BRRH  X.Y 

tftt  NEXT  RA«lt 

•fit  HOVE  xaSMh,Y«t  I  HOVE  BRCX  TO  CENTER  OF  THE  HONOFULtE  BYtTEH  FORTION, 

•tat  BRRH  XaUHtYatahtU 

tftt  lM«ot*U  IFLIFt  la  IN  THE  NORN  tUBROUTIHE  TO  BRRH  BOTTOM  HRLF  OF  HORN, 

tf4t  GOtUB  ttaSt  I BRRH  BOTTOM  HRLF  OF  THE  NORN 

•fSt  BRRH  N2tt,YatMl«  ITHIt  It  THE  HRGIC-TEE  FORTIOH  R6RIH. 

•fEt  BRRH  xastiYasttu 

•f7t  BRRH  Xa4i,Ya4t4|a 

tftt  BRRH  N234,Y23t»U 

•fft  BRRH  xaaiiYaattu 

fttt  BRRH  XaU.YaittU 

ftit  BRRH  N2t(,Yat4tla 

ftat  FOR  Rii«lt«t  TO  fl  ETEF  I 

fttt  N«Xlf4-<Ht/a-Ftnn/2>ttlH<Rn«tt> 

ft4t  Y«<Ylf4«<N4/a*Ftnn/2>*C0t<Rntlt>>4la 

fttt  HRH  N,Y 

ftEt  NEXT  Rnfilt 

ft7t  HOVE  N4t4,Y4t4 

fttt  MRH  N4|t,Y4U«la 

fttt  BRRH  Naa4,Y2«4ala 

fitt  IF  l••-l•Fllp  THEN  fist 

flit  HOVE  N4ai,Y4«t«la 

flit  BRRU  X48t,Y48t*U 

flit  BRRU  N43L,Y43ta|a 

f|4t  IRRU  NE«»,YEa4t!« 

fist  NEXT  !■*«• 

tIEt  GOTO  fSEtltXIF  THE  HICROtTRIF  tlM. 

tl7t  I  TNtt  tECTION  BRRNf  THE  HICROtTRIF  tlN  OF  TNE  HONOFULtE  tVETEN. 

fItt  ROVE  Xltl»,Vltlt 

flfO  BRIM  Nltat*Yltat 

fttt  BRRH  Xlt3t,Vlt3t 

flit  BRMI  Klt4t,Ylt4» 

fttt  BRRU  XIISttVIBSl 

tilt  BRRU  XltEt«VltEt. 

fa4t  BRRU  Nlt7t,Vlt7( 
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«2S«  SRAU  xiaat.Yiaet 

aaca  srau  xiau,Yiau 

927*  MOVE  Xia9t,Yia9t 
92aa  !>RAH  xiiet,Yiiet 
929a  DRAM  XllU.YIllt 
93aa  DRAM  Xll2t,Y112t 
93ia  SRAU  Xll3t,Y113t 
932a  DRAU  Xll4t,Y114t 
933a  SRAU  XMSt,Y115t 
934a  DRAU  XMEt.YllEt 
93Sa  SRAU  Xia9t,Yie9t 
93aa  NEXT  Fill 
9379  I 

9399  I  THIS  SECTION  DRAUS  TNE  RULER  AND  CONHENTS. 

9399  I 

9499  IF  Rultr9"*N*  THEN  19299 

9419  I  TNE  NEXT  PORTION  OF  TNE  PROCRAH  DRAUS  THE  HUHIERS  AND  CONNEHTS  lELOU 
9429  I  TNE  RULER. 

9439  LINE  TYPE  1  ITNIS  RETURNS  THE  PLOTTER  TO  A  NORMAL  HICN  SPEED  LINE. 

9449  PtnnaPtn 

94S9  FOR  1>1  TO  3«Se4U  STEP  1 
9499  P#nn«.9*P#n*P#nn 

9479  CS12E  .13S»ln,.3S  I (HEIGHT  OF  LETTERS), (UIDTN/NEICNT  RATIO) 

9499  MOVE  XlS9t«.9S»ln«Ptnn, YAj(-P«nn 
9499  LABEL  *1* 

9SS9  HOVE  XlS9t«1.9S»ln«Ptnn,Y*jt-P*nn 
9S19  LABEL  *2* 

9929  HOVE  XlS9t«2.9S«ln<»Ptnn,YAjt-P«nn 
9S39  LABEL  *3* 

9949  IF  DSCAlt  THEN  GOTO  9S99 
98S9  HOVE  XlS9t«P«nn,YAk(<»P*nn 

9S99  C912E  .99tln,.4i  I (HEIGHT  OF  LETTERS), (UIDTN/HEIGHT  RATIO) 

9379  LABEL  *UNEN  REDUCED  TO  tit  SCALE,  THIS* 

9399  HOVE  Xt39t«Ptnn, Y4U*Ptnn 

9399  LABEL  *RULER  UILL  BE  EXACTLY  IN  INCHES.* 

9999  I 

9919  I  THE  FOLLOU1N6  LINES  DRAU  TNE  CONHENTS  BCTUECN  THE  BULL'S  EYES. 

9929  HOVE  XbuM I tft*. 2*ln«P«nn, Ybul I tep^Ptnn 
9939  LABEL  *NAGIC  TEE  *:Tltl««:*  by  LCDR  ROULEY* 

9949  I 

9999  I  THE  FOLLOUINC  L1HE9  DRAU  TNE  BULL'9  EYE9. 

9999  HOVE  XbuM I tft^Ptnn, Ybul I  top*. 19*ln«Ptnn 
9979  DRAU  Xbul 1 1 tft*Ptnn, Ybul I tep>.99*ln*Ponn 
9999  HOVE  Xbul H oft-. l»ln*Ptnn, Ybul I top*Ptnnt.S9*ln 
9999  DRAU  XbuM I tft*. 1 t ln*Ptnn, Ybul I tep*P«nn*.9S*In 
9799  FOR  Anglt*9  TO  399  9TCP  9 

9719  DRAU  .  ltlntC0S(Anglt)*Xbunitrt*Ptnn,.I*IntSIN(Angl«)*YbulUep*.99tIn*Ptnn 
9789  NEXT  Anglo 

9739  HOVE  Xbul lrlght*Ponn, Ybul I  top*. 19oln*Ptnn 
9749  DRAU  Xbul IrIghtoPonn, Ybul I top«.99oln*Ponn 
9739  HOVE  Xbul Iplghf. l*ln*Ponn,Vb«l ltop*Ponn*.93*ln 
9799  DRAM  Xbullr Ight*. 1 olnoPonn, Ybul I top*Ptnno.9S*In 
9779  FOR  Ang>9  TO  399  9TEP  9 

9799  DRAU  .  1 1 1 n tCOS ( Ang ) *Xbu  M  r I ght  tPonn, . I  *  1 n*9 1 N ( Ang ) t Ybu 1 1 1  opo . 9S» 1 n*Ptnn 
9799  NEXT  Ang 
9999  NEXT  1 

9919  I  TNE  NEXT  9EGHENT  OF  TN|  PROGRAM  DRAU9  TNE  RULER. 

9989  J-l 

9939  PtnnaPtn 

9949  FOR  1-9  TO  9  STEP  \' 

9939  3>J01 

9999  XlS9t>Xotoit(.3*ln) 

9979  HOVE  XIS9t*Ptnn, Yoot  ITOP  OF  TNE  RULER. 

9999  I  TNE  RULER  19  DRAUN  IN  SIX  HALF  INCH  SEGMENTS.  TNE  ODB  SEGMENTS  START 
9999  I  UlTN  A  LONG  IIICN  NARK,  UNILE  THE  EVEN  SEGMENTS  START  UlTN  A  SNORTER 
9999  I  HALF  INCH  HARK.  TNE  NEXT  SEVEN  LINES  CONSTRUCT  THE  FIRST  HARK  IN  EACH 


99ie  I  HALF  IHCN  SECI1ENT. 

9920  IF  I-l  THEM  GOTO  9980  (SKIPS  TO  THE  HALF  IHCH  MARK  LEHCTH. 

9930  IF  1-3  THEH  GOTO  9980  (SKIPS  TO  THE  HALF  IHCH  MARK  LEHGTH. 

9940  IF  I-S  THEH  GOTO  9980  (SKIPS  TO  THE  HALF  INCH  MARK  LEHGTH. 

9990  SRAM  X190t«P*nn, Y«Jt  (THIS  IS  THE  IHCH  MARK  <LOHGEST  LIHE>. 

9980  IF  I-S  THEH  GOTO  10190  (THIS  TERMIHATES  THE  RULER  AFTER  THREE  IHCHES. 

9970  GOTO  leeeo  (this  skips  the  half  IHCH  MARK  LEHCTH. 

9980  SRAM  X190t ♦Penn, Y«{ t  (THIS  IS  THE  HALF  INCH  HARK  LEHCTH. 

9990  (  THE  HEXT  14  LIHES  DRAMS  EACH  HALF  IHCH  SECMEHT  OF  THE  RULER. 

10000  MOVE  X190tePenn>S(xteenth,YA«t 
10010  SRAM  XlOOt^Penn^Slxteentl^tYart 
10020  MOVE  X190t4Ptnn+2tS{xteenth,YMt 
10030  DRAM  X190tePenne2*S(xtttnth,YAgt 
10040  MOVE  XI90t4Ptnn>3*S(xtttntKi,YA«t 
10090  DRAM  XlOOt+PenneOeSlxteenthiYAft 
10080  MOVE  X190t+Penne4*S{xteentl%,YA«t 
10070  DRAM  X190t>Ptnne4«S(xt««nth,Y«ht 
10000  MOVE  X190t4Ptnne9tS(xt««nth,Yket 
10090  DRAM  XI90tePtnn^9*S{xt««ntl^,YArt 
lOlOO  MOVE  X190t4Ptnn^8tS{xt«tntl>,yAtt 
101 10  DRAM  X190tePtnn48*Slxtttntl),YA0t 
I0I20  MOVE  X190t4Ptnn^7*S{xtt«nth,Yket 
10130  DRAM.  X130tePtnne7tS{xtttntKi,  YkPt 
10140  NEXT  I 

10190  IF  J>8«SCA(t  THEH  GOTO  10200  (THIS  TERMIHATES  THE  PROGRAM  MHEH  LIHES  ARE 
10180  (  ARE  THICK  ENOUGH. 

10170  Ptnn-Ptnn^Ptn  (  THIS  SHIFTS  THE  RULER  SLIGHTLY  AHD  REDRAMS 

10180  (  IT.  THIS  MAKES  THE  LIHES  THICK  EHOUGH. 

10190  GOTO  9040  (  THIS  COHTIHUES  THE  LOOP. 

18200  PEH  0  (  THE  PEH  IS  PUT  BACK  IH  THE  HOLDER. 

10210  MOVE  9000,900  (  THE  PEN  DRIVE  ARM  IS  MOVED  ASIDE. 

10220  STOP 
10230  I 

10248  (  STEP  TEN!  HORN  SUBROUTINE. 

10290  (  THE  FOLLOMING  SUBROUTINE  DRAMS  HALF  OF  THE  HORN  AT  A  TIME. 

10280  IF  DPAwlngB-'HORN*  THEH  ie920(SKIP  OFFSET  FOR  SINGLE  HORN. 

10278  Xerr-X*cl>XwltL«at)d«d  (MOVES  HORN  OPENING  OHE  MAVELEHCTH  LEFT  OF  THE 
10208  (  LAST  SLOT  BEIiD  (MOHOHORH -ONLY) . 

10290  Yerr-<VltJl/2>tla  (  MOVES  HORN  OPENING  UP/DOMH  TO  HATCH  SLOTS  IN 

10300  (  THE  MOHOPULSE  SYSTEM. 

18310  GOTO  10390  (SKIP  TO  DRAMIHC  ROUTINE. 

10320  laa-Ia  (HEEDED  FOR  SINGLE  HORN  ONLY. 

10330  Xorr-0  (insures  offsets  are  zero  for  SINGLE  HORN. 

10340  Yerr-0 

10390  DRAM  XlhtXerr , Ylht laa^Yofr 
10380  DRAM  X2h^Xerr, Y2h*IaatYorr 
10370  DRAM  X3htXorr, Y3htIaatYerr 
10300  DRAM  X4htXerr,Y4h*IaatYorr 

10390  IF  Drawlngf-'MOHO*  THEH  10420  (POINTS  9t8  ARE  FOR  THE  SINGLE  HORN  ONLY. 
10400  DRAM  X9htXorr,Y9htla4Yorr 
10410  DRAM  X8htXorr,Y8htlatYerr 

10420  {  THE  NEXT  PORTION  DRAMS  THE  DOTTED  LINE  OF  THE  LEHS  ARC. 

10430  IF  FIIOI  THEN  7430 

10448  LINE  TYPE  4,.9tSc«l«  (DOTTED  LINE. 

104SS  FOR  Icia-O  TO  Angleh  STEP  I  IBeta(MAX>-Angle7i. ' 

1S4CS  I  THE  FOLLOMIHG  LIHES  ARE  THE  EQUATION  THAT  DEFINES  A  PARALLEL 
10470  (  PHASE  FRONT  LEHS. 

10400  Aarc-I>eOO<l«ta> 

10490  larc-I>C00<Ang1ch> 

10900  CaPC-I/0aR<Er>-C00<B«4«> 

10910  Darc-C0S<Ang1c(>>-l/SQR(Er> 

10920  Eare-COS<B«ta>«<I-OQR<Er>> 


1093S  Brl)-B(>t(AArc4BArctCarc/DArc>/Earc 

10940  Radl^-BI^^Irl^tPen 

10990 

1098S  Xarc-XeheRadlttCOSlBeia) 


(THICKNESS  OF  LENS. 

(RADIUS  FROM  Xeh.Ye(>  TO  LEHO  EDGE. 

(  8h  10  RADIUO  OF  ARC  MITHOUT  LENO. 
(X  POSITION  OF  ARC. 


ies78  yarc-yoh«R4dh»$IN<Bct«)  ly  POSITION  OF  ARC. 

ISS80  IF  THEN  MOVE  )<«rc4Xorr,y4rc«yorr  IPOSITIOHS  PEN  FOR  ARC. 

18998  SRAM  )<4re'»Xorr, Y4rc»I«iM«Yorr 
18Ce8  NEXT  B«t4 

lecie  IF  Or4Wtng«a''H''  THEN  10890  I  FOLLOHING  LINES  ARE  FOR  MONOHORH  ONLY. 

10828  MOVE  X4h'»Xorr,Y4h»lMM>yorf  IRETURNS  ORAUIHC  TO  PROPER  POINT  AFTER  LENS  IS 
10830  I  IS  ORAHN. 

10840  LINE  TYPE  Ltntnuab«r,S«g«tntt<z*  IRETURNS  LINE  TYPE  TO  PREVIOUS  SETTING. 
18890  RETURN 
18888  ENS 
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RPPENDIX  B 

FIGURES 


FIN-LINE  MRGIC-TEE  NUMBER  THREE 

I 


PORT  2 


Figure  1  Fin-Line  Megle-Tee. 


Figure  3  Theoretloel  Meglo-Tee  Soettertng  Metrix. 
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Figure  5  Square  Monopulee  Feed. 


Rctuttl  Element  Pattern  at  11.4  GHZ. 


Figure  6  Simulated  and  Rotual  Element  Pattern 


Spacing  batuiaan  a  laments  of  i  Monopulsa  Faad, 
showing  the  a laments  In  phase  with  each  other. 
Eaoh  a lament  Is  represented  by  a  delta  funotlon. 
The  element  pattern  Is  accounted  for  later. 


Fourier  Transformed  Sum  Group  pattern. 


NOTESi 

1.  X"SIN( That a )b( S/Lambda) I  Theta  1e  the  angle 
left(-),  or  r1ght(+)v  of  the  antenna'e  boreelght. 
'S'  1e  the  spaoing  between  the  antenna  el amenta • 

2.  Rt  90  degrees,  SZN(Theta)  reaohse  It's 
maximum  value  of  one.  Theee  two  plonte  are  oalled 
the  pattern'e  vielble  llmite.  They  ooour  where 

1  )11( S/Lambda)  on  the  traneformed  pattern. 

Figure  7  Theoretloal  Sum  Group  Pattern. 
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Sp«o1ng  betuiean  elements  of  e  Monopulee  Feed, 
ehoutlng  the  elements  out  of  phase  with  eaoh  other 
Eaoh  element  Is  represented  by  a  delta  funotfon. 
The  element  pattern  Is  aoeounted  for  later. 


Fourier  Transformed  Differenoe  Group  Pattern. 


NOTES! 

1.  X"SIN(Theta)M(S/Lambda)|  Theta  Is  the  angle 
1eft(>),  or  rIghtC't'),  of  the  antenna'e  bore  eight 
'S'  Is  the  spaoing  between  the  antenna  elements. 

2.  Ht  't*/-  90  degrees^  SIN(Thsta>  reaohes  It's 
maximum  value  of  one.  These  two  plonts  are  called 
the  pattern's  visible  limits.  They  occur  where 
X«*i'/-(1)M(S/Lambda)  on  the  transformed  pattern. 


Figure  6  Theoretical  Differenoe  Group  Pattern. 
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Differenoe  Pattern 


Figure  10  Theoretfoal  Difference  Pattern 
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Figure  11  Blleterel  Ftn-Ltne. 


SLOT  UNE  IMPEDANCE  (ER=10.0) 


0  <  ZEVEN  <  1  <  ZODD  <  2 
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Figure  14  Normillzed  Coupled  Slotifne  Impedance. 


Tht«  dati  was  taken  on  an  HP  8409B 
Vector  Network  Rnalyzer  at  10  GHZ. 


This  matrix  Is  oorreoted  for  uneven 
transmission  line  lengths  caused  by 
launcher  placement  and  fixture  design. 
10  degrees  Is  added  to  port-1,  84 
degrees  Is  subtracted  from  port-3  and 
22  degree's  Is  added  to  port-4.  The 
corrections  are  uniform  throughout  the 
matrix. 


Figure  16  S-Matrix  for  Magic-Tee  Number  Two 


s= 


-J157  +J046  +J005  ^  +J004 

.452©  .0420  .4730  .3270 


+J0^2  -J189  "JJ'’3  -J009 

.1080*^  .4030*'  .2920  .  4100'' 


-J08e  -J182  +J024  +J012 

.4420^  .2800''  .4350  .0460*' 


-J007  +J003  +J011  +J000 

.3050 .3760*'  .0400*'  .1700'' 


This  data  was  taken  on  an  HP  6409B 
Vector  Network  Rnalyzer  at  11.4  GHZ. 


This  matrix  Is  oorreoted  for  uneven 
transmission  line  lengthe  oaueed  by 
launcher  placement  and  fixture  deeign. 
106  degrees  Is  added  to  port-lp  122 
degrees  Is  added  to  port-*2  and  160 
degrees  Is  added  to  port-S.  The 
oorreutlons  are  uniform  throughout  the 
matrix. 


Figure  17  S-Matrix  for  Maglo-Tee  Number  Three, 
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Ffgurt  33  S44  Phut  ud  Htgnttud#  for  Hagfo-Tu  Thrta. 
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Figure  39  Sinulated  Difference  Pattern 
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